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A m a jo r  p o r t i o n  of  t h e  high  r e s o l u t i o n  p h o t o a b s o r p t i o n  spe c t rum  
o f  methyl  i o d i d e  in  t h e  r e g i o n  between 49000 and 77000 crrH has 
been a n a ly z e d  by methods  based  on m u l t i c h a n n e l  quantum d e f e c t  t h e o r y  
(MQDT.) Nea r ly  a l l  bands in  t h i s  ene rgy  r eg io n  can be a s s i g n e d  as 
members of  m o l e c u l a r  ryd b e rg  s e r i e s  which conve rge  t o  t h e  two low es t  
i o n i z a t i o n  l i m i t s  of t h e  m o l e c u l e .
However , i t  i s  a l s o  found t h a t  t h e  Born-Oppenhe im er  
s e p a r a b i l i t y  of  t h e  t o t a l i t y  of  e l e c t r o n i c  s u r f a c e s  i s  not  n e a r l y  as 
c om p le te  as migh t  be i m p l ie d  by t h e  above r e s u l t s .  S p e c i f i c a l l y ,  a 
n o n r y d b e r g ,  v a l e n c e  e l e c t r o n i c  s t a t e  i s  shown t o  i n t e r a c t  w i t h  t h e  
r y d b e r g  p r o g r e s s i o n s  and t o  p roduce  anomalous i n t e n s i t y  and p o s i t i o n  
v a r i a t i o n s  o f  t h e  s e r i e s  members . E v idence  i s  p r e s e n t e d  which 
i n d i c a t e s  t h a t  t h i s  s t a t e ,  which i s  a l s o  o b s e rv e d  in  o t h e r  a l k y l  
h a l i d e s ,  i s  r e l a t e d  t o  t h e  c h a r g e - t r a n s f e r  complex 
CH3+r .
T hus ,  t h e  r o l e  o f  r y d b e rg  s e r i e s  as  p robes  of  t h e  s u b t l e  
dynamics of  e l e c t r o n s  in  atoms i s  t r a n s f e r a b l e  t o  m o l e c u l e s ,  namely,  
t o  t h e  s im p le  h a l i d e s ,  and t h e s e  s e r i e s  c o n s t i t u t e  an i m p o r t a n t  
d e v i c e  w i th  which t o  gauge t h e  c o m p l i c a t e d  dynamics of  h i g h l y  
e x c i t e d  m o l e c u l e s .  F u r t h e r  e x p e r i m e n t a l  and t h e o r e t i c a l  work which 
c o u ld  e x t e n d  ou r  comprehens ion  of  t h e s e  p r o c e s s e s  i s  d i s c u s s e d .
INTRODUCTION:
Recent  advances in  m o le c u la r  s p e c t r o s c o p i c  and beam t e c h n i q u e s  
p e rm i t  t h e  p r o d u c t i o n  and r e s o l u t i o n  of  h i g h l y  e x c i t e d  t r a n s i t i o n s  
l y i n g  in  s p e c t r a l  r e g i o n s  where t h e  d e n s i t y  of  s t a t e s  i s  very  h i g h .  
T echn iques  which can p h o t o s e l e c t  an i n d i v i d u a l  v i b r o n i c  l e v e l  from 
t h o s e  nea rby  a r e  commonplace. On t h e  o t h e r  hand ,  s t a n d a r d  
p e r t u r b a t i v e  methods f o r  h a n d l i n g  s t a t e  i n t e r a c t i o n s  p rove  t o  be 
i n a d e q u a t e  in  such r e g i o n s .  The p rob lem ,  in  p a r t ,  l i e s  in  t h e  
l i m i t e d  a b i l i t y  of  a l l  c u r r e n t  models t o  d e l i n e a t e  t h o s e  r u l e s  which 
govern  t h e  r e l a t i v e  p r o b a b i l i t i e s  of  m o l e c u l a r  ene rgy  a c q u i s i t i o n  by 
o p t i c a l  o r  c o l l i s i o n a l  e x c i t a t i o n ,  t h e  p a r t i t i o n i n g  of  t h i s  energy  
among v a r i o u s  d i r e c t l y  coup led  s t a t e s  and t h e  s u b s e q u e n t  
d e e x c i t a t i o n  or  f r a g m e n t a t i o n  t o  o t h e r  e n e r g e t i c a l l y  a c c e s s i b l e  s e t s  
of  s t a t e s  no t  i n i t i a l l y  c o n n e c t e d  t o  t h e  ground s t a t e .  I n d e e d ,  i t  
i s  g e n e r a l l y  i m p o s s i b l e  t o  "hold  a s u f f i c i e n t  number of  v a r i a b l e s  
f i x e d "  i n  a p o ly a to m ic  m o le c u le ,  even unde r  very p r e c i s e  
e x p e r i m e n t a l  s i t u a t i o n s ,  o r  t o  e l i c i t  much abou t  t h e  e x a c t  d e t a i l s  
o f  ene rgy  t r a n s f e r  among many p o s s i b l e  r e l a x a t i o n  modes. 
Complementary e x p e r i m e n t a l  o b s e r v a t i o n s  in  t h i s  s p e c t r a l  r e g i o n  must 
be r e l a t e d  t h ro u g h  a framework c a p a b l e  of  u n i f y i n g  m o l e c u l a r  
p r o c e s s e s  t h a t  have t r a d i t i o n a l l y  a ppe a re d  q u i t e  u n r e l a t e d .
I n s i g h t  i n t o  t h e  n a t u r e  of many of t h e s e  p r o c e s s e s  i s  a v a i l a b l e  
f rom t h e  s p e c t r o s c o p y  of t h e  hydrogen and n - a l k y l  h a l i d e s  (which we
c o l l e c t i v e l y  d e n o te  t h e  " s im p le  h a l i d e s " ) .  The d e t a i l e d  a n a l y s i s  of  
t h e  e l e c t r o n i c  s t a t e s  of  t h e s e  m o le c u le s  and t h e i r  i n t e r a c t i o n s  i s  
r e l a t i v e l y  s t r a i g h t f o r w a r d  s i n c e  t h e  e l e c t r o n i c  s u r f a c e s  of  t h e s e  
e x c i t e d  s t a t e s  a r e  p r e d o m i n a n t ly  r y d b e r g l i k e  ( s e e  b e lo w ) ,  and t h e  
i n h e r e n t  r e g u l a r i t y  of  rydberg  s e r i e s  ove r  a s u b s t a n t i a l  ene rgy  
range  a l l o w s  them t o  a c t  as a s e n s i t i v e  probe  of  both 
r y d b e r g - r y d b e r g  and r y d b e r g - v a l e n c e  i n t e r a c t i o n s .  U n t i l  r e c e n t l y ,  
i t  has not  been p o s s i b l e  t o  o b s e rv e  t h e s e  s e r i e s  a t  a r e s o l u t i o n  
s u f f i c i e n t  t o  e x p l o i t  t h i s  a b i l i t y  t o  probe  i n t e r a c t i o n s ,  though t h e  
a n a l y t i c a l  p a r t  had been a r t i c u l a t e d  i n  t h e  l i n e a r  c o r r e l a t i o n  
app roach  of  Wang.* L a t e r ,  we w i l l  appeal  t o  t h i s  l a t t e r  
e m p i r i c a l  r e s u l t  which s t a t e s  t h a t  t h e  same r y d b e r g  t r a n s i t i o n  in  
two d i f f e r e n t ,  b u t  r e l a t e d ,  m o le c u le s  can be u n d e r s t o o d  by 
p a r t i t i o n i n g  t h e  system i n t o  chromophor ic  and s u b s t i t u e n t  
f u n c t i o n a l i t i e s .  The ha logen  atom f o r  t h e  s im ple  h a l i d e s  can be 
i d e n t i f i e d  as  t h e  chromophore.  The a l k y l  g roup ,  p o s s e s s i n g  on ly  
s i g m a - t y p e  o r b i t a l s ,  has e l e c t r o n i c a l l y  e x c i t e d  s t a t e s  c o n s i d e r a b l y  
h i g h e r  in  ene rgy  th a n  t h e  nonbonding p - e l e c t r o n s  of  t h e  h a lo g e n .  I t  
i s  o p t i c a l l y  t r a n s p a r e n t  f o r  our  pu rpose s  and t h e r e f o r e  c o n s t i t u t e s  
t h e  s u b s t i t u e n t .  The band s h i f t s  produced  by a l k y l  r e p l a c e m e n t  a r e  
g e n e r a l l y  small  and p r e d i c t a b l e .  These m o le c u le s  have been t h e  
s u b j e c t  of  c o n s i d e r a b l e  p h o t o a b s o r p t i o n ,  p h o t o i o n i z a t i o n  and 
p h o t o e l e c t r o n  s t u d i e s  as wel l  as e x p e r im e n t s  t h a t  have probed  
p h o t o d i s s o c i a t i o n  from t h e  l o w e s t - e n e r g y  r e p u l s i v e  s t a t e s .
E x t e n s i v e  work has been done on t h e  p o s i t i v e  ion and t h e
s p e c t r o s c o p y  of  some of  t h e  r a d i c a l  f r a g m e n t s  i s  a l s o  known. The 
e l e c t r o n i c  p o t e n t i a l  s u r f a c e s  of  t h e s e  m o le c u le s  have been 
c o n s i d e r e d  t o  be r y d b e r g l i k e  but  t h i s  i s  on ly  p a r t i a l l y  c o r r e c t  
s i n c e  p r e d i s s o c i a t i o n  i s  e v i d e n t  a t  n e a r l y  a l l  e n e r g i e s  f o r  t h e  
a l k y l  h a l i d e s  though  to  a l e s s e r  d e g r e e ,  a p p a r e n t l y ,  in  t h e  hydrogen 
h a l i d e s .
I t  i s  i m p o r t a n t  t h a t  t h i s  c l a s s  of  m o l e c u l e s ,  t h e  s im ple  
h a l i d e s ,  be wel l  u n d e r s t o o d  because  i t  l en d s  i t s e l f  t o  a ve ry  
d e t a i l e d ,  s y s t e m a t i c  a n a l y s i s  of  t h e  e n t i r e  s e t  o f  e x c i t e d  
e l e c t r o n i c  s t a t e s  g e n e r a t e d  by o n e - e l e c t r o n  v a l e n c e - s h e l l  
t r a n s i t i o n s .  I m p l i c i t  in  t h i s  s u p p o s i t i o n  i s  t h e  s e n s e  t h a t  t h e  
change  from atom t o  m o le c u le  can be v i s u a l i z e d  as an e s s e n t i a l l y  
smoo th ,  p r e d i c t a b l e  r e d i s t r i b u t i o n  of  e l e c t r o n i c  c h a rg e  d e n s i t y  in  
bo th  t h e  ground and e x c i t e d  s t a t e .  One i s  l ed  t o  c o n s i d e r  t h e  
f o l l o w i n g  examples  of o p e r a t i o n s  of  t h i s  t y p e :
i )  t h e  b r e a k i n g  of  s p h e r i c a l  symmetry i n t o  t h e  f i n i t e  
p o i n t  group of t h e  n u c l e a r  geomet ry of  t h e  m o le c u le ;  
i i )  v a r i a t i o n s  of  t h e  n u c l e a r  geomet ry abou t  t h e  r e l a t i v e  
e q u i l i b r i u m  p o s i t i o n s  of  t h e  n u c l e i  (Born-Oppenhe imer 
A p p r o x i m a t i o n ) ;
i i i )  s u b s t i t u t i o n  of  one e lem en t  o f  t h e  ch rom ophor ic  p a r t  
o f  a m o lecu le  by a n o t h e r  f rom t h e  same column of  t h e  
p e r i o d i c  t a b l e ,  o r ,  more g e n e r a l l y ,  an a p p r o p r i a t e  
s u b s t i t u t i o n  by a r e l a t e d  f u n c t i o n a l  g roup ;  and
i v )  s u b s t i t u t i o n  of  t h e  " o p t i c a l l y  t r a n s p a r e n t "  p a r t  of  
t h e  m o le c u le  by o t h e r  t r a n s p a r e n t  atoms o r  f u n c t i o n a l  
g r o u p s .
I t  i s  e v i d e n t  t h a t  s t r u c t u r a l  s t a b i l i t y  under  i )  i s  a fundam en ta l  
r e q u i s i t e  of  m o l e c u l a r  f u n c t i o n a l i t y ,  r e a c t i v i t y  and a b s o r p t i v i t y .  
F u r t h e r m o r e ,  i t  can be a p p r e c i a t e d  t h a t  t h e  v a l i d i t y  of  t h e  supposed  
smooth changes c o n d i t i o n e d  by i i i )  and i v )  depends  s t r o n g l y  on both 
i ) and i i ) .
By im plem en t ing  a form of  S e a t o n ' s  m u l t i c h a n n e l  quantum d e f e c t  
t h e o r y ^  (MQDT) t h a t  was deve loped  by Lu^ f o r  t h e  a n a l y s i s  of 
a to m ic  p h o t o a b s o r p t i o n  and p h o t o i o n i z a t i o n  d a t a  and by a p p l y i n g  i t  
t o  t h e  r e c e n t l y  a v a i l a b l e  high  r e s o l u t i o n  p h o t o a b s o r p t i o n  s p e c t r u m  
o f  methyl  i o d i d e ,  a r e l a t i v e l y  s im p le  i n t e r p r e t a t i o n  of  t h e  
e l e c t r o n i c  s t a t e  s t r u c t u r e  of  t h i s  m o lecu le  has emerged .  Th is  same 
i n t e r p r e t a t i o n  s h ou ld  app ly  e q u a l l y  wel l  t o  a l l  s im p l e  h a l i d e s .  
S p e c i f i c a l l y ,  i t  i s  p o s s i b l e  t o  a s s i g n  a l l  h i g h l y  e x c i t e d  l e v e l s  to  
a w e a k l y -c o u p le d  complex of  t h e  ground e l e c t r o n i c  s t a t e  of  t h e  
m o l e c u l a r  ion  c o re  (CH3 l + ) p l u s  a rydberg  e l e c t r o n  wi th  
o r b i t a l s  l a b e l e d  ( n ; £ e ; j e ) where n i s  a p r i n c i p a l  quantum number and 
ancl a r e  t *1e o r b ^t a  ^ anc* t o t a l e l e c t r o n i c  a n g u l a r  momentum 
quantum numbers ,  r e s p e c t i v e l y .
Th is  l a b e l i n g  scheme i s  c o r r e c t ,  o f  c o u r s e ,  on ly  f o r  h igh  n 
ry d b e r g  s t a t e s  and f o r  c a s e s  where t h e  s p i n - o r b i t  i n t e r a c t i o n  i s
l a r g e  enough so t h a t  t h i s  l i m i t  i s  r a p i d l y  a p ro a c h e d  w i t h  i n c r e a s i n g  
n .  I t  must be m e n t io n e d ,  however ,  t h a t  as y e t  no s a t i s f a c t o r y  
l a b e l i n g  scheme o f f e r s  a s i m i l a r  s i m p l i f i c a t i o n  f o r  c l a s s i f y i n g  t h e  
lower  s e r i e s  members . Th i s  l i m i t a t i o n  s h o u ld  no t  d e t r a c t  f rom t h e  
main r e s u l t  o f  t h i s  d i s s e r t a t i o n  in which v i r t u a l l y  e v e ry  o b s e rv e d  
t r a n s i t i o n  in  t h e  ene rgy  r ange  72000 t o  82000 c n H  o f  t h e  methyl  
i o d i d e  p h o t o a b s o r p t i o n  s p e c t r u m  has been a s s i g n e d  as a member of  one 
of  f o u r t e e n  r y d b e r g  s e r i e s  c o n v e r g i n g  on t h e  ground s t a t e  m o le c u la r  
ion  c o re  l i m i t .
Each of  t h e s e  ryd b e rg  s e r i e s ,  t o g e t h e r  w i th  i t s  a d j o i n e d  
c on t inuum ,  c o n s t i t u t e s  a c h a n n e l .  A s e t  of  o p t i m i z e d  p a r a m e t e r s ,  
which w i l l  be d e s c r i b e d  in  t h e  nex t  c h a p t e r ,  i s  o b t a i n e d  by f i t t i n g  
t h e o r e t i c a l  c u rv e s  t o  t h e  e x p e r i m e n t a l  e ne rgy  p o s i t i o n s  of  t h e  
s e r i e s  members . Because  t h e s e  p a r a m e t e r s  y i e l d  i n f o r m a t i o n  on t h e  
r y d b e rg  o r b i t a l - c o r e  o v e r l a p  and t h e  mutual  i n t e r a c t i o n s  of  a l l  
c oup le d  s e r i e s ,  t h e  changes  in  p a r a m e t e r  v a lu e s  
can be used  t o  q u a n t i f y  t h e  e f f e c t s  of  s u b s t i t u t i o n s  on t h e  l o c a l  
e nv i ronm en t  of  t h e  o p t i c a l  e l e c t r o n  as t h e  chromophore or  
s u b s t i t u e n t  i s  v a r i e d .
The s p e c t r u m  o f  t h e  methyl i o d i d e  m o le c u le  does not  f u l l y  y i e l d  
t o  such a s im p le  scheme b e c a u s e  i n t e r a c t i o n s  w i t h  a v a l e n c e  s t a t e  
a l t e r  p o s i t i o n s  and i n t e n s i t i e s  of  p a r t i c u l a r  s e r i e s  members.  These 
p e r t u r b a t i o n s  a r e  i d e n t i f i a b l e  in  t h e  v i c i n i t y  of  t h e  d i s s o c i a t i o n  
l i m i t  of  t h e  i o n - p a i r  complex (CH3 + I “ ) and a p p e a r  t o  
e x e r t  t h e  l a r g e s t  e f f e c t s  on l e v e l s  t h a t  have been a s s i g n e d  t h e
quantum numbers ( n ; £ e = s , p ; j e = l / 2 ) . This  o b s e r v a t i o n  i s  c o n s i s t e n t  
w i th  t h e  e x p e c t e d  e f f e c t s  of  c o re  p e n e t r a t i o n  by e l e c t r o n  o r b i t a l s  
o f  low o r b i t a l  a n g u l a r  momentum and w i th  t h e  i m p l i c a t i o n  t h a t  t h e  
s t a b i l i t y  o f  t h e  i o n - p a i r  complex i s  p r i m a r i l y  a s s o c i a b l e  wi th  t h e  
f i l l e d  5p s u b s h e l l  of  t h e  i o d i n e  n e g a t i v e  i o n ,  ( i . e . ,
I " ( 5 p 6 ) ) .  The t e rm  symbol of  t h i s  v a le n c e  s t a t e  in  t h e  
s p e c t r o s c o p i c  n o t a t i o n  o f  l i n e a r  m o le c u le s  i s  1 E+ and we a re  
l e a d  t o  t h e  e x p e c t a t i o n  t h a t  s p i n - d e p e n d e n t  i n t e r a c t i o n s  may be an
i m p o r t a n t  f a c t o r .  Th is  w i l l  be so because  t h e  v a l e n c e  s t a t e  i s  more
a p p r o p r i a t e l y  r e p r e s e n t e d  by t h e  (A,S)  c o u p l i n g  scheme even though  
i t  o c c u r s  e n e r g e t i c a l l y  in  a r e g i o n  where nea rby  ryd b e rg  l e v e l s  a r e  
b e s t  r e p r e s e n t e d  in  ( j  , n )  c o u p l i n g .  The p r e s e n c e  of  t h i s  a l t e r n a t e  
channel  c a u s e s  r a p i d  o s c i l l a t i o n s  in  t h e  r a d i a l  w a v e f u n c t io n  o f  t h e  
r y d b e r g  e l e c t r o n  i n s i d e  t h e  m o l e c u l a r  co re  where e l e c t r o n - e l e c t r o n  
e xchange  t e rm s  a r e  i m p o r t a n t .  These  a d d i t i o n a l  o s c i l l a t i o n s  
i n t r o d u c e  e f f e c t s  t h a t  canno t  be a c c o u n te d  f o r  in t h e  o r i g i n a l  form 
o f  MQDT which s o l e l y  t r e a t e d  t h e  c o u p l i n g  of  rydberg  s e r i e s .  Here 
we a r e  d e s c r i b i n g  t h e  mix ing  of  rydberg  and v a l e n c e  s t a t e s .
Inasmuch as r y d b e r g - r y d b e r g  i n t e r a c t i o n s  a r e  c o m p le te ly  d e s c r i b e d  by 
MQDT a nd ,  r e c a l l i n g  t h e  f a c t  t h a t  t h e s e  s t a t e s  a r e  c l e a r l y
w e l l - d e f i n e d  w i t h i n  t h e  Born-Oppenheim er  A p p r o x im a t io n ,  i t  i s
t h e r e f o r e  p e r m i s s i b l e  t o  e q u a t e  Born-Oppenhe imer breakdown wi th  
i n t e r a c t i o n s  o f  t h i s  k i n d .  (For  s i m p l i c i t y  we have c o n s i d e r e d  on ly  
a s i n g l e  v a l e n c e  c h a n n e l .  See C h a p t e r  Two f o r  f u r t h e r  d e t a i l s . )
One of  t h e  go a l s  of t h i s  d i s s e r t a t i o n  i s  t o  d e m o n s t r a t e  t h a t  t h i s
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r y d b e r g - v a l e n c e  i n t e r a c t i o n  i s  obse rved  in  o t h e r  a lk y l  i o d i d e  
s p e c t r a  as w e l l .  The t r a n s f e r a b i l i t y  o f  e l e c t r o n i c  s t a t e  s t r u c t u r e  
t h a t  had been shown by Wang t o  app ly  t o  ryd b e rg  s e r i e s  of  a s e t  of 
r e l a t e d  m o le c u le s  i s  e x te nde d  in t h i s  work t o  i n c l u d e  v a l e n c e  s t a t e s  
f o r  which such a comparison i s  a l s o  m e a n i n g f u l .
Th i s  d i s s e r t a t i o n  i s  d i v i d e d  i n t o  t h e  f o l l o w i n g  c h a p t e r s :
  t h e  o r i g i n  and r o l e  o f  QDT a r e  deve loped  in  C h a p t e r  One.  The
v ie w p o in t  t h a t  t h i s  t h e o r y  i s  a u s e f u l  s p e c t r o s c o p i c  t o o l  i s  
d e v e l o p e d .  C r i t e r i a  f o r  r y d b e r g  s t a t e s  in  a tom ic  and m o le c u la r  
sy s te m s  t h a t  have been put  fo rw ard  p r e v i o u s l y  by o t h e r s  a r e  b r i e f l y  
r e v i e w e d .
  t h e  Second C h a p t e r  beg in s  w i th  t h e  i n t e r p r e t a t i o n  o f  t h e  high
r e s o l u t i o n  p h o t o a h s o r p t i o n  sp e c t ru m  of  methyl  i o d i d e .  Th is  i s  
f o l l o w e d  by more ge n e ra l  c o n s i d e r a t i o n s  c o n c e r n in g  t h e  s y s t e m a t i c s  
o f  t h e  o r d e r i n g  o f  r e l a t i v e  o r b i t a l  e n e r g i e s  in  t h e  s im ple  h a l i d e s .  
T h i s  d a t a ,  t o g e t h e r  w i th  what i s  p r e s e n t l y  known about  t h e  dynamics 
o f  f r a g m e n t a t i o n  in  t h e s e  s y s t e m s ,  i s  th e n  used t o  i n f e r  t h e  g ene ra l  
n a t u r e  of  t h e  r y d b e r g - v a l e n c e  i n t e r a c t i o n s  r e s p o n s i b l e  f o r  
d e v i a t i o n s  from t h e  e x p e c t e d  p a t t e r n  were t h e  Born Oppenheimer 
Approx im a t io n  v a l i d  a t  a l l  e n e r g i e s .
  i n  t h e  T h i r d  and f i n a l  C h a p t e r ,  t h e  e x p e r i m e n t a l  d a t a  and
t h e o r e t i c a l  a p p a r a t u s  n e c e s s a r y  t o  b r i n g  abou t  a g loba l  d e s c r i p t i o n
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of  t h e  e x c i t e d  s t a t e  m a n i f o ld  of  t h e  s im p le  h a l i d e s  a r e  d e s c r i b e d  
and e n u m e r a t e d .
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CHAPTER ONE.
ATOMIC AND MOLECULAR RYDBERG STATES.
1
INTRODUCTION.
I t  i s  not  p o s s i b l e  t o  d i s c u s s  h i g h l y - e x c i t e d  m o l e c u l a r  
e l e c t r o n i c  s t a t e s  w i t h o u t  1 ) t h e  c o n s i d e r a t i o n  of  r y d b e r g  o r b i t a l s  
and ,  h e n c e ,  c o n d i t i o n s  f o r  t h e  o b s e r v a t i o n  of  ryd b e rg  s e r i e s  in 
p h o t o a b s o r p t i o n / p h o t o e m i s s i o n  s p e c t r a ;  2 ) t h e  c r i t e r i a  f o r  t h e  
e x i s t e n c e  of  t h e s e  o r b i t a l s ;  3) t h e  r e l a t i o n  between t h e  m o le c u la r  
o r b i t a l s  and t h e  a to m ic  o r b i t a l s  which s e r v e  as t h e i r  p r e c u r s o r s ;
4) t h e  geometry of t h e  r y d b e r g  s t a t e s  r e l a t i v e  t o  t h e  ground s t a t e ;  
and 5) t h e  n a t u r e  of  t h e  i n t e r a c t i o n  of  ryd b e rg  s t a t e s  w i th  v a le n c e  
s t a t e s .  All  o f  t h e s e ,  o f  c o u r s e ,  a re  p h e n o m e n o l o g i c a l l y - i n s p i r e d  
q u e s t i o n s  posed  by Robin^ i n  h i s  two volumes on t h e  e l e c t r o n i c  
vacuum u l t r a v i o l e t  s p e c t r a  of  p o l y a t o m i c  m o l e c u l e s .  The key 
a t t i t u d e s  p e r t i n e n t  t o  a t h e o r e t i c a l  b a s i s  f o r  a l l  o f  t h e s e  q u e r i e s  
had been d i s c u s s e d  p r e v i o u s l y  by M u l l i k e n ^  as e l a b o r a t i o n s  from 
h i s  s t u d i e s  o f  t h e  s p e c i a l  c a s e  of  F ^ - l i k e  d i a t o m i c s .
N e v e r t h e l e s s ,  t h e s e  q u e s t i o n s  have l a r g e l y  gone unanswered e x c e p t  in 
a few p a r t i c u l a r  c a s e s .
Meanwhile ,  a to m ic  s p e c t r o s c o p y  and t h e o r y  have become s u b j e c t s  
o f  renewed i n t e r e s t ,  in p a r t  due t o  t e c h n o l o g i c a l  advances  ( t h e  
s y n c h r o t r o n  and l a s e r ,  f o r  example)  b u t  a l s o  be c ause  t h e  a c c u r a c y  of 
num er ica l  c a l c u l a t i o n s  i s  on a p a r  w i th  t h e  very b e s t  t h a t  
h i g h - r e s o l u t i o n  e x p e r i m e n t a l  s t u d i e s  can p r o v i d e .  Th is  has r e s u l t e d  
i n  s u c c e s s f u l  e f f o r t s  t o  r i d  t h e  t h e o r e t i c a l  f ramework of
i n e f f i c i e n t  m e th o d o lo g ie s  — t h e  m u l t i c h a n n e l  quantum d e f e c t  t h e o r y  
o f  S e a t o n ^  b e in g  one such example .  Another  example t h a t  we only 
ment ion  h e re  i s  t h e  r e c e n t  deve lopment  of  methods o f  t r e a t i n g  
e l e c t r o n - e l e c t r o n  c o r r e l a t i o n  in  d o u b l y - e x c i t e d  s t a t e s  of  
a toms4 .
The s p e c t r o s c o p i c  a n a l y s i s  of  p o l y a t o m i c  m o le c u le s  in  t h e  
vacuum u l t r a v i o l e t  (VUV) r e g i o n ,  u s e s ,  o f  n e c e s s i t y ,  i n d i r e c t  means 
o f  i d e n t i f i c a t i o n  of  band s y s t e m s .  Where a p p l i c a b l e ,  
a t o m i c , d i a t o m i c  or  f u n c t i o n a l  group s i m i l a r i t i e s  can be e x p l o i t e d  
and j u s t i f i e d  a f t e r  e x t e n s i v e ,  s y s t e m a t i c  c om par i sons  of  t h e  
b e h a v io r  of  a l a r g e  number of  r e l a t e d  chromophores  a r e  made. The 
l i n e a r  c o r r e l a t i o n  approach  of  Wang has d e m o n s t r a t e d  t h e  u t i l i t y  of 
t h i s  l a s t  approach  f o r  t h e  c a s e  of m o l e c u l a r  r ydbe rg  s t a t e s .
M o le c u l a r  ryd b e rg  s t a t e s ,  however ,  a r e  not  l i n e  s p e c t r a .  
P a r t i a l l y  r e s o l v e d  r o t a t i o n a l  bands and o v e r l a p p i n g  l e v e l s  broaden 
t h e  spe c t rum  and t h e s e  e f f e c t s  a r e  c o m p l i c a t e d  f u r t h e r  by 
p r e d i s s o c i a t i o n  and a u t o i o n i z a t i o n  phenomena. The p r e s e n t  work, 
t h e n ,  d e r i v e s  from t h e  a p p l i c a t i o n  of  MQDT t o  s p e c t r a  which a r e  
a d e q u a t e l y  w e l 1 - r e s o l v e d  so t h a t  t h e  r o t a t i o n a l  e n v e lo p e  
ap p ro x im a te s  a p u r e l y  e l e c t r o n i c  t r a n s i t i o n .
I t  i s  t h e  aim of  t h e  f i r s t  s e c t i o n  of  t h i s  c h a p t e r  t o  r ev iew 
b r i e f l y  t h e  c o n c e p t s  of  a to m ic  and m o l e c u l a r  ryd b e rg  s e r i e s  and t h e  
ways in  which they  a r e  r e l a t e d .  The second  s e c t i o n  w i l l  p r e s e n t  t h e  
t h e o r e t i c a l  b a s i s  of quantum d e f e c t  methods and t h e i r  a p p l i c a t i o n .
4I .  BACKGROUND.
A. THE BOHR-SOMMERFELD ATOM.
B o h r ' s  t h e o r y  of  t h e  hydrogen atom i s ,  o f  c o u r s e ,  we l l -know n .  
B e fo re  t h e  o l d  quantum t h e o r y  was abandoned w i t h  t h e  adven t  of 
Quantum Mechanics  many a t t e m p t s  had been made t o  a p p ly  i t  t o  more 
complex a tom s .  B o h r ' s  s u c c e s s  was a r e s u l t  of t h e  f a c t  t h a t  t h e  
hydrogen atom ene rgy  l e v e l s  form a s im p le  c o n v e rg e n t  s e r i e s ,  
d i s c o v e r e d  e m p i r i c a l l y  by Balmer and l a t e r  g e n e r a l i z e d  as t h e  
R y d b e r g -R i t z  c o m b in a t io n  p r i n c i p l e :
E = R ( l /m 2 - l / n 2 ) (1)
where m and n a r e  i n t e g e r s  and R i s  t h e  rydberg  c o n s t a n t .  The 
i n t e g e r s  in  t h e  terms  were c o n s i d e r e d ,  in t h e  o ld  quantum t h e o r y ,  to  
a r i s e  from t h e  pu re  coulomb p o t e n t i a l  and t h e  q u a n t i z a t i o n  of  t h e  
a c t i o n  i n t e g r a l s :
Ji=/Pidqi=ni h  (2)
The above e q u a t i o n ,  o f  c o u r s e ,  i s  t h e  Bohr-Sommerfeld  q u a n t i z a t i o n  
c o n d i t i o n  f o r  p e r i o d i c  motion in  s e p a r a b l e  s y s t e m s .
Sommerfeld5 , in  h i s  a t t e m p t s  t o  o b t a i n  a t h e o r e t i c a l  e x p l a n a t i o n  
f o r  R y d b e r g ' s  e m p i r i c a l  t e rm  e q u a t i o n  f o r J s e r i e s  of  l i n e s  in  t h e  
s p e c t r a  of  t h e  a l k a l i  a tom s ,  which i s ,
R/(n-i_i)2 (3)
where y i s  a quantum d e f e c t ,  s t r u c k  upon t h e  u n d e r l y i n g  p r i n c i p l e  of  
a l l  quantum d e f e c t  m ethods .  Sommerfeld r ea s o n e d  t h a t  f o r  a sys tem 
c o n s i s t i n g  o f  a s i n g l e ,  h i g h l y - e x c i t e d  e l e c t r o n  whose o r b i t  l i e s  
p r i m a r i l y  o u t s i d e  a c o re  r e g i o n  c o n t a i n i n g  t h e  a tom ic  n u c l e u s  of 
c h a rg e  Z and t h e  r em a in ing  Z- l  o t h e r  e l e c t r o n s ,  t h e  t r u e  p o t e n t i a l  
can be app rox im a te d  by an e x p a n s io n  in  powers  of  r “ l , r  be ing  
t h e  r a d i a l  d i s t a n c e  of t h e  e l e c t r o n  from t h e  c o r e ,  so t h a t  
e v i d e n t l y  y i s  a measure of  t h e  e f f e c t  of  a l l  t e rm s  o t h e r  than  
r ” l , t h e  l e a d i n g  cou lombic  t e r m .
The c o n s t a n c y  o f  y f o r  a g iven  s e r i e s  r e f l e c t s  t h e  s i m i l a r i t i e s  
o f  t h e  Bohr  o r b i t s  f o r  a l l  members of  t h e  s e r i e s  whereas  t h e  
m agn i tude  of  t h e  quantum d e f e c t  r e f l e c t s  t h e  d e g re e  of  co re  
p e n e t r a t i o n  by t h e  rydberg  e l e c t r o n .  A t tem p ts  t o  e x te n d  t h i s  model 
t o  atoms o t h e r  th a n  t h e  a l k a l i  m e t a l s  were u n s a t i s f a c t o r y  because  
o p e n - s h e l l  c o n f i g u r a t i o n s  p roduce  ground s t a t e s  which canno t  be 
a s s o c i a t e d  w i t h  a s i n g l e  c o n f i g u r a t i o n  and w h ic h ,  in  t u r n ,  l e a d  t o  
l o w - l y i n g ,  d o u b l y - e x c i t e d  s t a t e s  and m u l t i p l e  i o n i z a t i o n  l i m i t s  t h a t  
s e v e r e l y  c o m p l i c a t e  a b s o r p t i o n  and e m is s io n  s p e c t r a .  I t  s hou ld  be 
no ted  t h a t  a com p le te  t h e o r y  of  m u l t i p l y - e x c i t e d  s t a t e s  has not  y e t  
been f o r m u l a t e d .  ( S e e ,  however ,  R e f e re n c e  4 . )
B. THE QUANTUM MECHANICAL ATOM.
To t h e  e x t e n t  t h a t  rydberg  s e r i e s  a r e  t h e  p redom inan t  t y p e  of 
t r a n s i t i o n  o bse rve d  in  t h e  e x c i t a t i o n  o r  e m is s io n  s p e c t r a  of  a toms,
6i t  may be s a i d  t h a t  quantum d e f e c t  t h e o r y  (QDT) and i t s  many-channel  
a n a l o g ,  MQDT, r e p r e s e n t  a s a t i s f a c t o r y  t h e o r y  of  t h e  a tom ic  v a le n c e  
s h e l l .  Much of  t h e  emphasis  of  QDT c e n t e r s  on t h e  t h r e s h o l d  
b e h a v i o r ,  a r e s u l t  t h a t  cou ld  be e x p e c t e d  from t h e  r e l a t i o n s h i p
between t h e  i o n i z a t i o n  p o t e n t i a l  and t h e  l i m i t i n g  t e r m  v a l u e .  As
s u c h ,  h i g h l y  e x c i t e d  bound o r b i t a l s  and l o w - l y i n g  con t inuum s t a t e s  
a r e  s u f f i c i e n t l y  e x te nde d  o u t s i d e  t h e  a tom ic  c o re  so t h a t
i )  r e l a t i v e  t o  a n a l y t i c a l l y - k n o w n  coulomb w a v e f u n c t i o n s , 
t h e  a c t u a l  w a v e f u n c t i o n s ,  t h o s e  t h a t  r e f l e c t  t h e
a d d i t i o n a l  s h o r t - r a n g e  i n t e r a c t i o n s ,  can be e a s i l y
c o n s t r u c t e d  f o r  a s y m p t o t i c a l l y  l a r g e  v a lu e s  of  t h e  
e l e c t r o n - c o r e  r a d i a l  d i s t a n c e  by u s in g  t h e  quantum 
d e f e c t  j i ( f o r  e < 0 )  o r  a s c a t t e r i n g  phase  s h i f t  6 ( f o r  
e > 0 ) .  The symbol e d e n o te s  e ne rgy  s c a l e d  r e l a t i v e  t o  
t h e  i o n i z a t i o n  t h r e s h o l d ;  i t  i s  n e g a t i v e  f o r  bound 
s t a t e s  and p o s i t i v e  in  t h e  con t inuum;
i i )  a c r o s s  t h r e s h o l d ,  a smooth e x t r a p o l a t i o n  c o n n e c t s  y 
and s ; f u r t h e r m o r e ,  t h e s e  p a r a m e t e r s  a r e  amenable  t o  
c a l c u l a t i o n  or  can be o b t a i n e d  from e x p e r i m e n t a l  d a t a ;  
and ,
i i i )  t h e  boundary c o n d i t i o n s  on t h e  r a d i a l  w a v e f u n c t i o n s ,  
a t  i n f i n i t y  ( i . e . ,  t h a t  t h e  w a v e f u n c t io n s  must van ish
7(e<0) o r  remain  f i n i t e  (e>0))  a r e  imposed on ly  as a 
f i n a l  s t e p .  In t h i s  v iew,  t h e  r y d b e r g  s e r i e s  and th e  
( sm o o t h ly )  a d j o i n e d  con t inuum can be r e f e r r e d  t o ,  and 
t r e a t e d  a s ,  a r y d b e rg  c h a n n e l . The a d v a n ta g e  in  t h i s  
app roa c h  i s  t h a t  t h e  more ge n e ra l  methods of  
s c a t t e r i n g  t h e o r y 6  may a l s o  be a p p l i e d  t o  bound 
s t a t e s .  As a r e s u l t ,  even in  t h e  p r e s e n c e  of 
e x t e n s i v e  ryd b e rg  s e r i e s  m ix in g ,  one can a vo id  t h e  
d i f f i c u l t y  o f  summing p e r t u r b a t i o n  e x p a n s i o n s  of  
i n f i n i t e  o r d e r s .  The t r e a t m e n t  of  t h e  r a r e  gas xenon 
w i l l  be used t o  e x e m p l i f y  t h e s e  m ethods .
C. THE RYDBERG STATES OF MOLECULES.
Rydberg s e r i e s  have been o b s e rv e d  in  many t y p e s  of  d i a t o m i c  and 
p o l y a t o m i c  m o le c u le s  but  e x c e p t  f o r  a small  number of  l i g h t  
d i a t o m i c s  ( e . g . ,  H2 , He2 » N2 > and NO which have h e ld  a 
p rom ine n t  p l a c e  in  t h e o r e t i c a l  and e x p e r i m e n t a l  s p e c t r o s c o p y )  few 
o t h e r s  have unambiguous ly  a s s i g n e d  r y d b e rg  p r o g r e s s i o n s .  I n d e e d ,  
even among t h e  l i g h t  d i a t o m i c s ,  t h e  a n a l y s e s  a r e  u s u a l l y  c o n f i n e d  to  
t h e  f i r s t  few members .  The reason  i s  f a i r l y  o b v i o u s :  f o r  l a r g e
v a lu e s  of  t h e  e f f e c t i v e  quantum number,  t h e  e n e rg y  s e p a r a t i o n  
between e l e c t r o n i c  o r i g i n s  becomes com parab le  t o  r o t a t i o n a l  
s p a c i n g s .  Thus ,  in  g e n e r a l ,  d i a t o m i c s  may not  be t h e  most 
a p p r o p r i a t e  m o le c u le s  t o  a n a l y z e  f o r  r y d b e r g  s t r u c t u r e .  S in c e  t h e
8r e g u l a r i t y  of  rydberg  s e r i e s  o f f e r s  an i m p o r t a n t ,  d e t a i l e d  p r o f i l e
o f  i n t e r n a l  s t r u c t u r e ,  t h i s  i s  u n f o r t u n a t e  be c ause  t h e  a n g u l a r
c o u p l i n g  problem f o r  d i a t o m i c s ,  which i s  a g e n e r a l i z a t i o n  of  t h e
Hund's  c o u p l i n g  c a s e s ,  has been worked ou t  by Chang and Fano?
and Fano and D i l l®  in  t h e  frame t r a n s f o r m a t i o n  t h e o r y .  R e c a l l
t h a t  o r th o g o n a l  s e t s  of  w a v e f u n c t i o n s ,  a p p r o p r i a t e  f o r  t h e
l a b o r a t o r y  and m o l e c u l a r  r e f e r e n c e  f r a m e s ,  can be r i g o r o u s l y  l a b e l e d
by component a n g u l a r  momentum quantum numbers .  A s i n g l e  r a d i a l
v a r i a b l e ,  t h e  i n t e r n u c l e a r  d i s t a n c e ,  r em ain s  a f t e r  s e p a r a t i n g  and
i n t e g r a t i n g  ou t  t h e s e  v a r i a b l e s .  The t r a n s f o r m a t i o n  t h a t  e x p r e s s e s
t h e  r e c o u p l i n g  of  t h e s e  a n g u l a r  v a r i a b l e s  s u b j e c t  t o  t o t a l  a n g u l a r
momentum c o n s e r v a t i o n  i s  r e p r e s e n t e d  by a m a t r i x  U. where t h e  row
l a
i ndex  i and t h e  column index  a r e f e r  t o  c o m p l e t e ,  c o n s e r v e d  s e t s  of 
a n g u l a r  quantum numbers which a r e  a p p r o p r i a t e  t o  l a b o r a t o r y  and 
m o l e c u l a r  f r a m e s ,  r e s p e c t i v e l y .  The frame t r a n s f o r m a t i o n  i s  an 
i n t e g r a l  p a r t  of m u l t i c h a n n e l  methods be c ause  i t  a l l o w s  one to  
e x p r e s s  a t o t a l  bound or  con t inuum w a v e f u n c t i o n  as a l i n e a r  
c o m b in a t io n  of  p r o d u c t s  of  a r a d i a l  s c a t t e r i n g  w a v e f u n c t io n  and a 
r e s i d u a l  p a r t .  ( A c t u a l l y ,  t h e r e  i s  no need t o  r e s t r i c t  t h i s  
argument  t o  l a b  f ram e/body  frame t r a n s f o r m a t i o n s .  Any s h o r t - r a n g e  
i n t e r a c t i o n  o p e r a t o r  t h a t  c a u se s  a c o m p le te  s e t  of  s c a t t e r i n g  s t a t e  
t o  mix a t  small  va lu e s  of  a r a d i a l  c o o r d i n a t e  can be pu t  i n t o  t h i s  
form.  See S e c t i o n  I I .C  o f  t h i s  c h a p t e r . )  In summary t h e n ,  w h i l e  
r y d b e r g  s e r i e s  in  d i a t o m i c s  admi t  known s o l u t i o n s ,  on ly  t h e  
a b s o r p t i o n / e m i s s i o n  s p e c t r a  of  a few p r o t o t y p i c a l  m o le c u le s
( e . g . ,  t h o s e  l i s t e d  above)  a r e  s u f f i c i e n t l y  w e l 1 - c h a r a c t e r i z e d  t o  
a l l o w  t h e  r i g o r o u s  a p p l i c a t i o n  o f  t h e s e  t h e o r i e s .
In p o ly a to m ic  m o l e c u l e s ,  on t h e  o t h e r  hand,  one o f t e n  has 
s u p p r e s s e d  r o t a t i o n a l  s t r u c t u r e  ( i . e . ,  t h e  r o t a t i o n a l  c o n s t a n t s  can 
be c o n s i d e r e d  v a n i s h i n g l y  s m a l l ) .  In t h i s  s i t u a t i o n ,  t h e  com ple te  
d e s c r i p t i o n  of  a n g u l a r  momentum c o u p l i n g  i s  not  p o s s i b l e .  Th is  i s  
n o t  due t o  a l a c k  of  a f rame t r a n s f o r m a t i o n  t h e o r y  f o r  
p o l y a t o m i c s 9  b u t ,  r a t h e r ,  b e c a u s e  a r o t a t i o n a l  a n a l y s i s  i s  
n e c e s s a r y  t o  e x t r a c t  con s e rv e d  a n g u l a r  momentum quantum numbers and ,  
h e n c e ,  o b t a i n  s t a t e  l a b e l s .  The e l e c t r o n i c  o r i g i n  of  a 
p h o t o a b s o r p t i o n  band in  a p o ly a to m ic  m olecu le  becomes t h e  l o c u s  f o r  
t h e  e n t i r e  o s c i l l a t o r  s t r e n g t h  o f  ( u n r e s o l v e d )  r o t a t i o n a l  l e v e l s .  
Th i s  i s  t h e  p r im a ry  reason  t h a t  ryd b e rg  l e v e l s  a r e  o b se rve d  even a t  
h igh  p r i n c i p a l  quantum numbers i n  p o l y a t o m i c s .  T h e r e f o r e ,  t h e  
prob lem of  t h e  a n a l y s i s  of  t h e s e  h i g h l y - e x c i t e d  s t a t e s  of  p o ly a to m ic  
m o l e c u l e s ,  even f a i r l y  s im p le  o n e s ,  depends on r e l i a b l e  s p e c t r a l  
d a t a  f o r  a r e l a t e d  c l a s s  of  m o le c u le s  where t h e  emphasi s  l i e s  in  
t r a c i n g  s i m i l a r i t i e s  in  band s h a p e s ,  p o s i t i o n s ,  and i n t e n s i t i e s .
D. THE LINEAR CORRELATION OF WANG.
The l i n e a r  c o r r e l a t i o n  method of  WanglO a t t e m p t s  t o  u t i l i z e  
r e g u l a r i t y  of  rydberg  s e r i e s  in o r d e r  t o  g e n e r a t e  a smooth 
e x t r a p o l a t i o n  of  t e rm  v a lu e s  from atoms t o  m o le c u le s  as wel l  as
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w i t h i n  groups  of  r e l a t e d  m o l e c u l e s .  S in c e  r e l a t e d n e s s  in t h e  above 
s e n s e  r e f e r s  t o  small  changes in  t h e  l o c a l  ground and e x c i t e d  s t a t e  
env i ro n m en t s  of t h e  o p t i c a l  e l e c t r o n  c aused  by changes in  t h e  
a v e ra g e  c h a rg e  d i s t r i b u t i o n ,  s y s t e m a t i c  s h i f t s  in  t h e  magni tude  of 
t h e  quantum d e f e c t  a re  e x p e c t e d  t o  va ry  in  p r e d i c t a b l e  ways.  On a 
c o a r s e  s c a l e  of  ene rgy d a t a ,  t h i s  scheme works q u i t e  w e l l .  However, 
t e rm  v a lu e s  of  p e n e t r a t i n g  o r b i t a l s  can be s u b j e c t  t o  l a r g e  
d e v i a t i o n s  from e x p e c t e d  v a lu e s  when t h e  c o l l e c t i o n  of  p o t e n t i a l  
c u rv e s  which g e n e r a t e  t h e  r y d b e rg  s e r i e s  unde r  c o n s i d e r a t i o n  becomes 
i n t e r s p e r s e d  w i th  o t h e r  p o t e n t i a l  cu rv e s  of  t h e  same symmetry,  
l e a d i n g  t o  Born-Oppenheimer breakdown i f  t h e  p e r t u r b e r s  a r e  v a l e n c e  
s t a t e s ,  o r  s e r i e s  c o u p l i n g ,  i f  t h e  p e r t u r b i n g  s t a t e s  be long  t o  o t h e r  
ryd b e rg  s e r i e s .
E. THE PRESENT APPROACH
The main appeal  of  MQDT i s  t h a t  channel  c o u p l i n g  i s  not  
r e s t r i c t e d  t o  e l e c t r o n i c  t r a n s i t i o n s  nor  indeed  t o  c h a n n e l s  t h a t  a re  
on ly  of  a s p e c i f i c  t y p e .  Whether r e f e r e n c e  i s  made t o  i o n i z a t i o n  or  
d i s s o c i a t i o n ,  which l a t t e r  a l s o  r e q u i r e s  a s p e c i f i c a t i o n  of  
e l e c t r o n i c  o r  m o le c u la r  f ragm ent  s t a t e s ,  t h e  fo rm a l i s m  i s  c o m p l e t e l y  
g e n e r a l .
The main goal of  t h i s  d i s s e r t a t i o n  i s  t o  i n d i c a t e  how 
m u l t i c h a n n e l  methods ,  in c o n j u n c t i o n  w i th  t h e  Wang c o r r e l a t i o n  
approach  can e x te n d  a d e t a i l e d  a n a l y s i s  of s t a t e  i n t e r a c t i o n s  t o
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m o l e c u l a r  a b s o r p t i o n  s p e c t r a  which c o n t a i n  many p e r t u r b e d ,  though 
r e l a t i v e l y  w e l l - d e f i n e d ,  t r a n s i t i o n s .  In p a r t i c u l a r ,  we e n q u i r e  i n t o  
what  can be d e te r m in e d  abou t  t h e  m e a n i n g f u l n e s s  of  quantum numbers 
and symmetry r e l a t i o n s  t h a t  e x i s t  in  p o ly a to m ic  s i t u a t i o n s .  We w i l l  
show t h a t ,  a t  l e a s t  f o r  t h e  s im p le  h a l i d e s ,  an MQDT-based 
i n t e r p r e t a t i o n  w i l l  s o r t  ou t  t h e  ryd b e rg  e l e c t r o n i c  s t a t e s  of  t h e  
m o le c u le s  and t h e i r  mutual i n t e r a c t i o n s .  However , i t  must be 
em phas ized  t h a t ,  as an a s s ig n m en t  d e v i c e ,  MQDT does  not  d e te r m in e  
s t a t e  l a b e l s  but  mere ly  c o u p l i n g  and p ha se  s h i f t  p a r a m e t e r s .  O ther  
s p e c t r o s c o p i c  methods must be used t o  o b t a i n  t h e  a p p r o p r i a t e  
symmetry l a b e l s  of  t h e s e  s t a t e s .
I I .  QUANTUM DEFECT THEORY.
The quantum d e f e c t  t h e o r y  o f  S e a t o n 2 * 1 0  e s t a b l i s h e d  t h e  
c o n n e c t i o n  between t h e  b e h a v i o r  o f  an e l e c t r o n  i n  t h e  coulomb f i e l d  
o f  a p o s i t i v e  ion below and above t h e  i o n i z a t i o n  p o t e n t i a l .  I t  d id  
so  by r e l a t i n g  t h e  a n a l y t i c a l l y  known s o l u t i o n s  of  t h e  hydrogen  atom 
t o  t h o s e  f o r  more complex atoms by showing t h a t  t h e  quantum d e f e c t ,  
t h e  o r i g i n a l l y  e m p i r i c a l  s p e c t r o s c o p i c  p a r a m e t e r  y , was s im ply  
r e l a t e d  t o  t h e  phase s h i f t ,  6 , o f  c o l l i s i o n  t h e o r y .  In c o l l i s i o n  
t h e o r y ,  i t  i s  s t a n d a r d  p r a c t i c e  t o  use  a n a l y t i c a l l y  known com par ison  
r a d i a l  w a v e f u n c t i o n s  which a r e  e i g e n f u n c t i o n s  of  an a p p ro x im a te  
h a m i l t o n i a n  t h a t  o b t a i n s  when t h e  c o l l i s i o n  p a r t n e r s  a r e  
w e l l - s e p a r a t e d .  A f t e r  s c a t t e r i n g ,  t h e  a c t u a l  f u n c t i o n s  a r e  m o d i f i e d  
by t h e  n e g l e c t e d  terms  in t h e  p o t e n t i a l .  By comparing t h e  a c t u a l  
and a p p r o x i m a t e  w a v e f u n c t io n s  one i d e n t i f i e s  s h i f t s  in  t h e  nodes of 
t h e  a p p ro x i m a t e  s e t .  The channel  c o n c e p t  so f a m i l i a r  in  c o l l i s i o n  
t h e o r y  can t h e n  be c a r r i e d  o v e r ,  as  a n a t u r a l  g e n e r a l i z a t i o n  o f  t h e  
Fano-Cooper  d i s c u s s i o n  o f  p h o t o i o n i z a t i o n 1 2 , t o  i n c l u d e  t h e  
d e s c r i p t i o n  o f  d i s c r e t e  r y d b e r g  l e v e l s .  The r e l a t i o n s h i p  of  y and <5 
f o l l o w s  u l t i m a t e l y  from t h e  f a c t  t h a t  each i s  a gauge o f  t h e  
s h o r t - r a n g e  e l e c t r o n - e l e c t r o n  i n t e r a c t i o n s  ( i e . ,  J  and K i n t e g r a l s )  
and t h e  r y d b e r g  e l e c t r o n ' s  i n t e r a c t i o n  w i th  t h e  u n s c r e e n e d  n u c l e a r  
c o r e .
A. THE FUNDAMENTAL ASPECTS OF QUANTUM DEFECT THEORY.
The s t a r t i n g  p o i n t  of  t h e  quantum d e f e c t  method i s  t o  beg in  w i th  a 
Z - e l e c t r o n  n e u t r a l  atom and t o  f ocus  on t h e  a n a l y t i c a l  p r o p e r t i e s  of 
s o l u t i o n s  t o  t h e  o n e - e l e c t r o n  r a d i a l  e q u a t i o n  ( i n  a tom ic  u n i t s ) :
+ V ( r ) - e ) F ( e , i l , r )=0 (4)
The c e n t r a l  p o t e n t i a l ,  V ( r ) ,  has t h e  a s y m p t o t i c  forms 
2-Ze / r  ,r-> 0
- e ^ / r  , r +  <x, (5 )
and e=E-Er e s , where Er e s  i s  t h e  r e s i d u a l  e ne rgy  of  t h e
( Z - l ) e l e c t r o n  c o re  and E i s  t h e  t o t a l  ene rgy  of  t h e  s y s te m .
The s i g n i f i c a n c e  of  p a r t i t i o n i n g  t h e  a to m ic  sys tem  in  t h i s  way 
i s  r e a d i l y  v i s u a l i z e d  f o r  t h e  s i t u a t i o n  of  an " o p t i c a l "  e l e c t r o n  
t h a t  i s  w e l 1 - s e p a r a t e d  from an i o n i c  c o r e .  (The o p t i c a l  e l e c t r o n  
may b e ,  d e p e n d in g  on E,  in a bound ( r y d b e r g )  o r  con t inuum ( i o n i z e d )  
s t a t e . )  In t h i s  c a s e ,  t h e  c e n t r a l  f i e l d  can be e x p r e s s e d  as
V(r )  = - e ^ / r  + Vs ( r )  ( 6 )
where t h e  s h o r t - r a n g e  p o t e n t i a l  Vs ( r )  c o n t a i n s  t e rm s  t h a t  
a p p ro a c h  z e r o  w i th  i n c r e a s i n g  r  more r a p i d l y  t h a n  does t h e  coulombic  
t e r m .  A r a d i u s  r 0 , beyond which t h e s e  t e rm s  a r e  n e g l e c t a b l e ,
can th e n  be c h o s e n .
An e i g e n s t a t e  of  t h e  t o t a l  sys tem can be w r i t t e n
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iH = { ^ ( r ^ F ^ r ) }  (7)
where $ ( r z - l )  r e p r e s e n t s  t h e  ion c o re  s t a t e  w a v e f u n c t io n  and 
i m p l i c i t l y  i n c l u d e s  s p in  and a n g u l a r  v a r i a b l e s  of  t h e  o p t i c a l  
e l e c t r o n  and t h e  co re  as w e l l .  The index  i c o l l e c t s  t h e  r e l e v a n t  
s t a t e  l a b e l s  and t h e  b rac e s  r e f e r  t o  a n t i s y m m e t r i z a t i o n .  Of 
p a r t i c u l a r  i n t e r e s t  i s  t h e  w a v e f u n c t io n  a p p r o p r i a t e  f o r  r > r 0 , 
where V (r )  r e d u c e s  t o  t h e  coulomb t e r m .  O u t s id e  t h e  c o re  r e g i o n ,  
t h e  e i g e n s t a t e s  can be e x p r e s s e d  as
= $-j C f ( V i , r )  c - g  (v-j , r ) d ]  ( 8 )
where f  and g a r e  t h e  r e g u l a r  and i r r e g u l a r  coulomb f u n c t i o n s  which 
d i f f e r  in  phase  by 9 0 ° .  A l s o ,  i s  t h e  e f f e c t i v e  quantum 
number and c and d a r e  c o e f f i c i e n t s  by which t h e  boundary c o n d i t i o n s  
a t  i n f i n i t y  a r e  a p p l i e d  and which can be shown t o  be of  form
c = cosiry and d = s in i ru  (9)
Here ,  y i s  t h e  quantum d e f e c t  and r e p r e s e n t s  t h e  ne t  a c c u m u la t io n  of  
pha se  by t h e  i r r e g u l a r  s o l u t i o n ,  g .  (See  b e lo w ) .  For t h e  c a s e  when 
Vs ( r )  = 0 ,  t h a t  i s ,  f o r  t h e  pure  coulomb p o t e n t i a l  o f  t h e  
hydrogen  atom,  y  = 0 .
The boundary  c o n d i t i o n  f o r  d i s c r e t e  s t a t e s  (when e<0) i s  t h a t  
t h e  w a v e f u n c t io n  v a n i s h  a t  i n f i n i t y ;  i t  can be shown t o  be s a t i s f i e d  
when
s i n tt( v+y ) = 0  
o r ,  e q u i v a l e n t l y ,  when
v = n - y  ( 1 0 )
which l e a d s  d i r e c t l y  t o  t h e  Rydberg f o r m u l a ,  e q u a t i o n  3 .  Cont inuum 
s t a t e s  a r e  given  by t h e  f o l l o w i n g  r e l a t i o n s :  
e > 0  
v -* i / k
u -*■ tS/ir ( 1 1 )
where k i s  t h e  wavenumber of  t h e  unbound e l e c t r o n  and 6  i s  a 
s c a t t e r i n g  p h a s e s h i f t .  A c t u a l l y ,  e q u a t i o n  11 g iv e s  t h e  main r e s u l t  
o f  QDT which i s  t o  c onne c t  t h e  quantum d e f e c t ,  d e f i n e d  f o r  e<0, t o  
t h e  p h a s e s h i f t ,  d e f i n e d  f o r  e>0. This  a l l o w s  t h e  quantum d e f e c t  
t o  be i d e n t i f i e d  w i t h  t h e  mix ing of  f  and g by Vs ( r ) .
To r e c a p i t u l a t e ,  t h e  key e le m e n t s  a r e :
  a o n e - e l e c t r o n  r a d i a l  e q u a t i o n  can be d e f i n e d ;
  t h e  c o n f i g u r a t i o n  sp a c e  of  t h e  r a d i a l  c o o r d i n a t e  s e p a r a t e s
i n t o  small  r  and l a r g e  r  r e g i o n s ,  d e f i n e d  by t h e  p o t e n t i a l ,  
e q u a t i o n  6 ;
  bound and con t inuum s o l u t i o n s  can be r e p r e s e n t e d  a t  r >  r 0
by a l i n e a r  c om b ina t ion  of r e g u l a r  and i r r e g u l a r  coulomb 
s o l u t i o n s  where t h e  i r r e g u l a r  s o l u t i o n  i s  mixed w i th  t h e  
r e g u l a r  s o l u t i o n  s o l e l y  by s h o r t - r a n g e  f o r c e s ;  and ,
  t h e  c o e f f i c i e n t s  t h a t  r e p r e s e n t  t h i s  mixing a r e  s im ple
f u n c t i o n s  of  t h e  quantum d e f e c t / p h a s e s h i f t .
B. MULTICHANNEL QUANTUM DEFECT THEORY.
The m u l t i c h a n n e l  QDT, as f o r m u l a t e d  by S e a to n ^ .1 2  and 
a p p l i e d  by Lu,13 pa n 0 14,15 ancj o t h e r s ,  e x p l o i t s  t h e  lack  of
d i s t i n c t i o n  between d i s c r e t e  and con t inuum wave f u n c t i o n s  n e a r  
t h r e s h o l d ,  e n f o r c i n g  t h e  boundary c o n d i t i o n s  on ly  a t  t h e  end of  t h e  
p r o c e d u r e .  Moreover ,  channe l  mix ing and t h e  i m p o s i t i o n  of  boundary 
c o n d i t i o n s  r educ e  t h e  problem t o  one of  s o l v i n g  a s i n g l e  h i g h l y  
n o n l i n e a r  m a t r i x  e q u a t i o n  f o r  t h e  c o e f f i c i e n t s  of  t h e  e i g e n ­
f u n c t i o n s .  In t h i s  work,  we w i l l  d e m o n s t r a t e  t h a t  MQDT, which was 
i n i t i a l l y  c onc e rne d  s o l e l y  w i th  t h e  r a d i a l  b e h a v io r  of  a h i g h l y  
e x c i t e d  e l e c t r o n ,  i s  both a n a t u r a l  and ,  i n  f a c t ,  a lm o s t  n e c e s s a r y  
p r o c e d u r e  f o r  s o r t i n g  ou t  t h e  ve ry  c o m p l i c a t e d  s p e c t r a  of  m o l e c u l e s .  
I n d e e d ,  MQDT i s  e x t r e m e l y  u s e f u l  f o r  s y s t e m a t i c  s t u d i e s  of  t h e  
r e l a t i v e  s t r e n g t h s  o f  i n t e r a c t i o n s  r e s p o n s i b l e  f o r  t h e  c o m p l i c a t i o n s  
o f  m o l e c u l a r  s p e c t r a .
Th is  e m p i r i c a l  app roach  u ses  t h r e e  s e t s  of p a r a m e t e r s .  These 
p a r a m e t e r s ,  in p r i n c i p l e  c a l c u l a b l e  ab i n i t i o , a ppe a r  i n  any g e n e r a l  
d e s c r i p t i o n  of  t h e  p h o t o a b s o r p t i o n / p h o t o i o n i z a t i o n  p r o c e s s :  f i r s t ,
t h e  a f o r e m e n t i o n e d  quantum d e f e c t s ,  y ,  a s s o c i a t e d  w i th  s h o r t - r a n g e ,  
noncou lombic  i n t e r a c t i o n s  w i t h i n  a given  e ig e n c h a n n e l  a r e  l a b e l e d  
w i t h  a s u b s c r i p t  a  t o  d i s t i n g u i s h  t h e  quantum numbers of  t h e s e  
c h a n n e l s ;  s e c o n d ,  t h e  t r a n s f o r m a t i o n  m a t r i x ,  U - j a ,  which ,  in 
a to m ic  p r o b le m s ,  r e p r e s e n t s  t h e  r e c o u p l i n g  of  a n g u l a r  momentum 
v e c t o r s  between t h e  two a l t e r n a t i v e  d e s c r i p t i o n s  of t h e  
e l e c t r o n - t a r g e t  complex ,  t h e  one a p p r o p r i a t e  f o r  smal d i s t a n c e s ,  t h e  
a  e i g e n c h a n n e l s ,  and t h e  o t h e r ,  a p p r o p r i a t e  f o r  l a r g e  d i s t a n c e ,  t h e  
i - l a b e l e d  c o l l i s i o n  c h a n n e l s ;  and t h i r d ,  t h e  d i p o l e  m a t r i x  e l e m e n t s ,  
Da, which c o n n e c t  t h e  ground s t a t e  t o  t h e  a  e ig e n c h a n n e l  s t a t e s  by 
p h o t o a b s o r p t i o n .
An e a r l i e r  p a p e r ^  d i s c u s s e d  t h e  p o s s i b i l i t y  of  e x t e n d i n g  
L u ' s  a n a l y s i s  of  Xe t o  t h e  n e w l y - a v a i l a b l e  s y n c h r o t r o n  d a t a  f o r  
CH3 I .  Th is  pape r  i s  i n c l u d e d  as Appendix I .  Th is  l a t t e r  work 
f o c u s e d  on b road  s i m i l a r i t i e s  and d id  not  seek t o  u n rav e l  t h e  
i n t e n s e  m ix ings  c h a r a c t e r i s t i c  of  t h e  f u l l  s e t  of  ryd b e rg  s e r i e s  
t h a t  can a r i s e  in  m o le c u la r  p h o t o a b s o r p t i o n ;  i n d e e d ,  t h e s e  o t h e r  
s e r i e s  remained l a r g e l y  u n a s s i g n e d .
B e f o re  d i s c u s s i n g  t h e  m o l e c u l a r  t h e o r y ,  we w i l l  p r o v i d e  a b r i e f  
d e s c r i p t i o n  of  channel  c o u p l i n g  in  t h e  r a r e  gas p ro b le m .  The ground 
s t a t e  of  Xe has  t h e  c o n f i g u r a t i o n  . . . . 5 p ®  ' S 0  w h ic h ,  upon 
p h o t o i o n i z a t i o n ,  y i e l d s  t h e  f o l l o w i n g  c o u p le d  s e t  o f  f i v e  f i n a l  
s t a t e s  which c o r r e s p o n d  t o  a con t inuum e l e c t r o n  and an ion c o re  in  
j j - c o u p l i n g  and so a r e  de no te d  by roman l e t t e r s :
i = 1 2  3 4
(2pi / 2 )d3 / 2 ( 2p3/2^d5/2 ^ P3/2^d3/2 ^ P3/2^s l / 2
( 2pi / 2 ) s i / 2
For t h i s  a tom, s p i n - o r b i t  c o u p l i n g  s p l i t s  t h e  c o re  s t a t e s  by rough ly  
10500 c r r H . The f i v e  f i n a l  s t a t e s ,  b e i n g  of  t o t a l  a n g u l a r  
momentum J =1 and o d d - p a r i t y ,  a r e  mixed and t h e  a c t u a l  w a v e f u n c t io n  
i s  r e p r e s e n t e d  as  some l i n e a r  com b in a t io n  of  a l l  of  them. At small  
r ,  t h e  w a v e f u n c t io n  of  t h e  complex c o n s i s t i n g  of  c o r e  p lu s
e l e c t r o n  i s  more a p p r o p r i a t e l y  d e s c r i b e d  by a s u p e r p o s i t i o n  of  
LS-coup led  c h a n n e l s  which a r e  d e n o te d  by g reek  l e t t e r s :
a = 1  Z 1  L 5.
p5d 3 PX p5d 3 Dx p5d 1 P 1 p5 s 3 P 1 p5 s 1 ? 1
Thus ,  t h e r e  a r i s e  t h r e e  c h a n n e l s  of  p r e d o m i n a n t l y  d c h a r a c t e r  and 
two c h a n n e l s  of  p r e d o m i n a n t l y  s c h a r a c t e r .  The i n i t i a l  
a p p r o x i m a t i o n  made by L u ^  a nd Lee and L u ^  f o r  argon was t o  
n e g l e c t  s - d  i n t e r a c t i o n s .  In t h i s  c a s e ,  t h e  i n t e r a c t i o n  m a t r i x  
s im p ly  r e p r e s e n t s  t h e  s p i n - o r b i t  c o u p l i n g  o p e r a t o r  which i m p l i e s  
t h a t  t h e  c o u p l i n g  m a t r i x  i s  d i a g o n a l  in  £ , t h e  o r b i t a l  a n g u l a r  
momentum quantum number of  t h e  e s c a p i n g  e l e c t r o n .  This  i s  a 
r e a s o n a b l e  s t a r t i n g  p o i n t  b e c a u s e  t h e  e l e c t r o n  w a v e f u n c t io n  
p e n e t r a t i o n  i n t o  t h e  co re  r e g i o n  i s  much g r e a t e r  f o r  s-waves than  
f o r  d -w a v e s .  The o v e r l a p  of  t h e s e  w a v e f u n c t io n s  a t  small  r ,  where 
m ix ing  can o c c u r ,  i s  c o n s e q u e n t l y  s m a l l .  T r a n s f o r m a t i o n  
c o e f f i c i e n t s ,  U ja  i n  t h i s  c a s e ,  a r e  g iven  in  a f i r s t  
a p p r o x i m a t io n  by t h e  r e c o u p l i n g  c o e f f i c i e n t s  f o r  t h e  ( L S / j j )  
t r a n s f o r m a t i o n .  The a c t u a l  s i t u a t i o n  of  smal l  r  c o u p l i n g  i n c l u d e s  
a d d i t i o n a l  e l e c t r o s t a t i c  and exchange  t e r m s ,  t h e  consequence  of 
which i s  t h e  a p p e a r a n c e  o f  nond iagona l  m a t r i x  e l e m e n t s  between s and 
d c h a n n e l s .  The g r a p h i c a l  app roa c h  t o  MQDT can d e t e r m i n e  t h e  a c t u a l  
v a lu e s  of  t h e  m a t r i x  e l e m e n t s  by t r e a t i n g  them as p a r a m e t e r s .  I t  i s
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t h e r e f o r e  i m p o r t a n t  t o  have r e a s o n a b l e  i n i t i a l  v a lu e s  s i n c e  f i t t i n g  
must  be done by t r i a l  and e r r o r .
The g r a p h i c a l  p r o c e d u r e  of  Lu and F a n o *4  d i s p l a y s  t h e  
e x p e r i m e n t a l  e n e rg y  l e v e l s  and l i n k s  a v i s u a l  r e p r e s e n t a t i o n  of  t h e
p e r t u r b e d  s p e c t r a  t o  t h e  e x t r a c t i o n  of  mix ing c o e f f i c i e n t s  and
quantum d e f e c t s .  The f u n c t i o n s  used in  t h i s  method a r e  d e f i n e d  and
d i s c u s s e d  now.
B r i e f l y ,  t h e  r a d i a l  e i g e n f u n c t i o n s  f o r  small  r  a r e  matched a t  
r 0  t o  t h e  ' . a t t e r i n g  form o f  t h e  r e g u l a r  and i r r e g u l a r  coulomb 
f u n c t i o n s  ( f  and g,  r e s p e c t i v e l y )  which a r e  a p p r o p r i a t e  f o r  l a r g e  r ,  
and a l i n e a r  a l g e b r a i c  e q u a t i o n  f o r  t h e  c o e f f i c i e n t s  i s  s o l v e d .
T h i s  may be s t a t e d  as f o l l o w s :  A g e n e r a l  s o l u t i o n  f o r  t h e  e l e c t r o n
p l u s  c o r e  w a v e f u n c t io n  i s  g iven  by
f  -  n  A ( 1 2 )a  a  a  '
However , an e x p a n s io n  in t h e  i - l a b e l e d  c o l l i s i o n  c ha nne l s  
g i v e s  f o r  r > r 0
y = u - c o s n i  A -  g .E (J. s imry  A }
1 1 1 a  l a  a  a  1 a  l a  a  a
where $ d e n o te s  t h e  w a v e f u n c t io n  of  t h e  r e s i d u a l  ion c o r e ,  the  
s p i n s ,  and a l l  a n g u l a r  p a r t s  of  t h e  t o t a l  s y s te m ,  and t h e  
c o e f f i c i e n t s
E U. COSiry A and 2 U. s iniry Aa  l a  a  a a  l a  a a
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a p p e a r  as  g e n e r a l i z a t i o n s  o f  t h e  boundary c o n d i t i o n s  f o r  t h e  s i n g l e  
channel  c a s e .  Note t h a t  a l l  quantum numbers a r e  c o l l e c t e d  in  t h e  
i - l a b e l .
Now, t h e  boundary c o n d i t i o n  f o r  d i s c r e t e  s t a t e s  i s  t h a t  t h e  
w a v e f u n c t i o n  must  v a n i s h  as  r  a p p ro a c h e s  i n f i n i t y .  By s u b s t i t u t i n g  
t h e  a s y m p t o t i c  forms of  f  and g i n t o  e q u a t i o n  13, t h e  boundary 
c o n d i t i o n  can be e x p r e s s e d  more c o m pa c t ly :
where F-ja = U-ja  s i n  7r(vj  +ua ) and i s  an e f f e c t i v e  
quantum number.
Th is  homogeneous l i n e a r  e q u a t i o n  f o r  t h e  c o e f f i c i e n t s  Aa  has 
s o l u t i o n s  on ly  i f  t h e  d e t e r m i n e n t a l  e q u a t i o n  v a n i s h e s
For a t w o - l i m i t  p rob lem ,  t h e  s o l u t i o n  F=0 i s  an a n a l y t i c  f u n c t i o n  of  
t h e  e f f e c t i v e  quantum numbers and ^  . A d d i t i o n a l l y ,  t h e  
ryd b e rg  e ig e n e n e r g y  must  be c o n s i d e r e d  a c o n t i n u o u s  f u n c t i o n  of  t h e  
e f f e c t i v e  quantum numbers:
'ar l o ra ' ( 1 4 )




V"| = v 2 [ 1 - R - 1  ( 1 2 ” 1 1 )  v 2 ( 1 7 )
On a graph of  v s .  Vg, a l l  p h y s i c a l l y  s i g n i f i c a n t  rydberg  
l e v e l s  s i m u l t a n e o u s l y  s a t i s f y  ( i . e . ,  l i e  a t  i n t e r s e c t i o n s  of  ) 
e q u a t i o n s  15 and 17.  Th is  i s  e x p l a i n e d  more f u l l y  in  Appendix I ,  
s e c t i o n  I I . e .
A m a n y - c h a n n e l , t w o - l i m i t  p roblem g e n e r a l i z e s  t o  i n c l u d e  
a d d i t i o n a l  r o o t s  t o  t h e  s o l u t i o n  o f  t h e  d e t e r m i n e n t a l  e q u a t i o n  
w h ic h ,  f o r  an n channel  c a s e ,  means v a r y i n g  t h e  p a r a m e t e r s  of  an nxn 
m a t r i x .  I t  i s  f u r t h e r m o r e ,  h i g h l y  n o n l i n e a r  in  t h e s e  p a r a m e t e r s .  A 
j u d i c i o u s  f a c t o r i z a t i o n  of  t h i s  m a t r i x  i s  h e l p f u l  and t h e  frame 
t r a n s f o r m a t i o n  t h e o r y  i s  an e s s e n t i a l  e lem en t  a t  t h i s  s t a g e  because  
i t  s p e c i f i e s  t h e  symmetry c h a r a c t e r i s t i c s  and m agn i tu des  of  t h e  
n o nd iagona l  m a t r i x  e l e m e n t s .  For  t h e  m o l e c u l a r  prob lems wi th  which 
we a r e  c o n c e r n e d ,  no r i g o r o u s l y  c o r r e c t  f rame t r a n s f o r m a t i o n  e x i s t s .  
In f a c t ,  i t  i s  p r i m a r i l y  in  o r d e r  t o  c h a r a c t e r i z e  t h e  n a t u r e  of t h e  
dom inant  i n t e r a c t i o n s  t h a t  we appea l  t o  t h e  MQDT t e c h n i q u e .
C. GENERALIZED QUANTUM DEFECT THEORY.
1 .  THE NEED FOR GENERAL METHODS.
As no ted  in  t h e  I n t r o d u c t i o n ,  t h e  p r e s e n t  approach  was 
d e v e lo p e d  when i t  was r e a l i z e d  t h a t  t h e  o b s e rv e d  c o u p l i n g  among t h e  
seven  s e r i e s  t h a t  conve rge  on t h e  f i r s t  i o n i z a t i o n  l i m i t  of  CH3 I
r e q u i r e d  q u i t e  a d i f f e r e n t  i n t e r p r e t a t i o n  th a n  was s u g g e s t e d  by a
s t r a i g h t f o r w a r d  r e l a x a t i o n  of  t h e  a to m ic  s e l e c t i o n  r u l e s .
S y m m e t ry - b r e a k in g ,  l e a d i n g  t o  a d d i t i o n a l  p-wave i n t e r a c t i o n s  wi th  s
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and d c h a n n e l s  and t h e  p o s s i b i l i t y  of  a l t e r n a t e ,  nonrydberg  
m o l e c u l a r  e l e c t r o n i c  s t a t e s ,  f o r c e d  a r e e v a l u a t i o n  of  t h e  a ssum pt io n  
made in  Appendix I t h a t  major  channel  i n t e r a c t i o n s  in  t h e  m olecu le  
s h o u ld  f o l l o w  in d e t a i l  t h e  s i t u a t i o n  as  i t  a p p e a r s  in  t h e  r a r e  gas 
a tom.
The comparison  of  t h e  s and d channel  c o u p l i n g  prob lem in  
Appendix I and i n  t h e  work o f  Lu i n d i c a t e d  t h a t  t h e r e  a r e  major  
s i m i l a r i t i e s  in  t h e  c o u p l i n g  o f  t h e s e  c h a n n e l s  and t h a t  t h i s  s im p le  
5 - cha nne l  problem p r o v i d e s  a f a i r  r e p r e s e n t a t i o n  of  t h e i r  
i n t e r a c t i o n s  ( s e e  F i g u r e  1 o f  Appendix I ) .  However , when t h e  f u l l  
s e t  o f  e x p e r i m e n t a l  p o i n t s  a r e  p l o t t e d ,  i t  becomes i m p e r a t i v e  t o  
look a t  t h e  m o le c u la r  prob lem d i f f e r e n t l y .  I t  a p p e a r s  t h a t  a s p in  
dependence  a r i s e s  in t h e  m o l e c u l a r  c a s e  due t o  t h e  r y d b e rg  s t a t e  
mix ing a s s o c i a t e d  w i t h  i n t e r a c t i o n s  i n v o l v i n g ,  a d i f f e r e n t ,  e x c i t e d  
c o re  s t a t e .  Such r y d b e r g - v a l e n c e  i n t e r a c t i o n s  o c c u r  i n  a l i m i t e d  
r e g i o n  of  c o n f i g u r a t i o n  s p a ce  (which w i l l  be r e f e r r e d  t o  as  t h e  
" r e a c t i o n  zone")  and p r e s u m a b ly ,  i t  w i l l  be t h o s e  s t a t e s  of  low 
o r b i t a l  a n g u l a r  momentum ( i . e . ,  g r e a t e r  co re  p e n e t r a b i l i t y )  t h a t  
w i l l  be a f f e c t e d .
We have c o n s i s t e n t l y  c l a s s i f i e d  t h e  CH3 I m o le c u le  i n  t h e  
C 0 0v p o i n t  group and have assumed t h a t  r o - v i b r o n i c  e f f e c t s  a r e  
minimal  ov e r  t h e  e n t i r e  e ne rgy  range  of  i n t e r e s t .  These 
a p p r o x i m a t i o n s  have been of  g r e a t  a s s i s t a n c e  in  a r t i c u l a t i n g  t h e  
co n c e p t  of  m o l e c u l a r  ryd b e rg  c h a n n e l s  but  f u r t h e r  i n s i g h t  and 
p r o g r e s s  r e q u i r e s  i n c l u s i o n  of  a l t e r n a t i v e  m o l e c u l a r  p r o c e s s e s .
R e s t r i c t i n g  our  c o n s i d e r a t i o n  t o  a s i n g l e  r a d i a l  n u c l e a r  c o o r d i n a t e ,  
i t  w i l l  be a p p r e c i a t e d  t h a t  motion in  t h i s  d i m e n s io n ,  c o u p le d  t o  t h e  
r a d i a l  motion of  a s i n g l e  h i g h l y  e x c i t e d  e l e c t r o n ,  can  be e x p r e s s e d  
in  t h e  l a n g u a g e  o f  r e a r r a n g e m e n t  c o l l i s i o n s ® .  A r e a r r a n g e m e n t  
c o l l i s i o n  i s  d e f i n e d  as one in  which t h e  i d e n t i t i e s  of  m o le c u le s  
b e f o r e  and a f t e r  t h e  c o l l i s i o n  a r e  no lo n g e r  t h e  same ( e . g ,  A+B 
C+D, a b i m o l e c u l a r  g a s - p h a s e  r e a c t i o n ) .  P r e s e n t  f o r m u l a t i o n s  of  
MQDT a r e  i n c a p a b l e  of  t r e a t i n g  s o - c a l l e d  b r e a k - u p  r e a c t i o n s  when t h e  
f i n a l  s t a t e  i s  composed of  t h r e e  ( o r  more) i n d e p e n d e n t  p a r t i c l e s .
In t h e  t h e o r y  of i n e l a s t i c  c o l l i s i o n s ,  where on ly  t h e  i n t e r n a l  
s t a t e s  a r e  changed ( e . g . ,  A(m) + B(n)  ->A(m‘ ) + B ( n ' ) ) ,  a p p ro x i m a t e  
s o l u t i o n s  of  t h e  f u l l  h a m i l f o n i a n  a r e  o f t e n  known a n a l y t i c a l l y  a t  
i n f i n i t e  s e p a r a t i o n s  of  t h e  f r a g m e n t s .  Actua l  w a v e f u n c t i o n s  d i f f e r  
a t  small  d i s t a n c e s  be c ause  i n t e r a c t i o n  m a t r i x  e l e m e n t s  do not  
c o n s e r v e  t h e  i d e n t i t i e s  of  t h e  f ragm en t  s t a t e  quantum numbers .  In 
r e a r r a n g e m e n t  c o l l i s i o n s ,  however ,  t h e  a p p ro x im a te  h a m i l t o n i a n  f o r  
d i s s o c i a t e d  a tom s ,  A + B  f o r  exam p le ,  i s  o b v i o u s l y  d i f f e r e n t  from 
t h a t  f o r  a m o l e c u l a r  ion c o re  p l u s  an e l e c t r o n  a t  i n f i n i t y ,
AB++e“ . Coup l ing  between t h e s e  c h a n n e l s  occu rs  on ly  i n  a 
r e s t r i c t e d  p a r t  of  t h e  c o n f i g u r a t i o n  space  c o n s i s t i n g  of  t h e  
i n t e r n u c l e a r  and e l e c t r o n - c o r e  d i s t a n c e s  which a r e  d e n o te d  R and r ,  
r e s p e c t i v e l y .  I t  i s  in t h i s  r e g i o n  t h a t  e l e c t r o n i c  and n u c l e a r  
m otions  can be exchanged between Born-Oppenhe imer s t a t e s .  We g iv e  
in  t h e  second  p a r t  o f  t h i s  s e c t i o n  a b r i e f ,  q u a l i t a t i v e  d i s c u s s i o n  
o f  r e c e n t  g e n e r a l i z a t i o n s  o f  QDT t o  t h i s  prob lem.
2 .  GUISTI1S APPROACH TO RYDBERG-VALENCE MIXING.
P h o t o a b s o r p t i o n  s p e c t r a  of  h i g h l y - e x c i t e d  e l e c t r o n i c  s t a t e s  of  
m o le c u le s  i n e v i t a b l y  show f e a t u r e s  t h a t  a r e  a t t r i b u t a b l e  t o  
d i s s o c i a t i o n ,  p r e d i s s o c i a t i o n  and v i b r o n i c  i n t e r a c t i o n s .  The 
w e l l - c h a r a c t e r i z e d  r e g u l a r i t i e s  of  r y d b e r g  s e r i e s  p r o v i d e  a 
s e n s i t i v e  e m p i r i c a l  gauge f o r  t h e  e n e r g i e s ,  i n t e n s i t i e s  and 
sym m etr ie s  of  a whole m a n i f o ld  o f  s t a t e s  i f  t h e s e  r y d b e r g  s e r i e s  a r e  
o b s e r v e d  and p r o p e r l y  a s s i g n e d .  A u s e f u l  f o r m u l a t i o n  of  t h e  
r y d b e r g - v a l e n c e  mixing  p rob lem ,  i t  i s  b e l i e v e d ,  can be used  t o  
f u r t h e r  e x t r a c t  a s m a l l ,  b u t  r e l e v a n t ,  s e t  o f  p a r a m e t e r s  which 
r e l a t e s  t o  t h e s e  i n t e r a c t i o n s  as w e l l .  We w i l l  summarize h e r e  on ly  
t h e  most i m p o r t a n t  e lem en ts  t h a t  a r e  p e r t i n e n t  t o  ou r  c u r r e n t  and 
f u t u r e  a p p l i c a t i o n s .  The b a s i c  e x t e n s i o n  of  quantum d e f e c t  methods 
t o  a r b i t r a r y  p o t e n t i a l s  has been d i s c u s s e d  in  p a p e r s  by G r e e n e ,  Fano 
and S t r i n a t i ^  and G reene ,  Rau and Fano^O. The f o l l o w i n g  
i d e a s  t h a t  a r e  fundam en ta l  t o  a s tu d y  of  r y d b e r g - v a l e n c e  mix ing a r e  
based  on r e c e n t  work by Jungen  and G u i s t i ^ l  and m ain ly  e x p lo r e d  
in  G u i s t i ^ 2 # xh-jS Work  f o c u s e s  on c o m p u t a t i o n a l  a s p e c t s  and ,  as 
s u c h ,  i t  i s  complementary t o  ou r  own e m p i r i c a l  a p p r o a c h .  I t  d o e s ,  
however ,  a l l o w  us t o  i n t r o d u c e  a d d i t i o n a l  p h a s e s h i f t s  a s s o c i a b l e  
w i t h  r y d b e r g - v a l e n c e  c o u p l i n g  i n t o  t h e  e m p i r i c a l  app roa c h  t h a t  we 
have a d o p t e d .
— F i r s t ,  t h e  s e t  of e l e c t r o n i c  w a v e f u n c t i o n s  n e c e s s a r y  t o  c a l c u l a t e  
a l l  p o t e n t i a l  cu rv e s  i s  supposed  to  be a t  hand .  The a s sum pt ion
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of  t h e  BOA. o r  q u a s i a d i a b a t i c i t y ,  must  be invoked  a t  t h i s  p o i n t  
im p ly in g  t h a t  rydberg  and v a le n c e  e x c i t e d  s t a t e  p o t e n t i a l  ene rgy  
c u r v e s  can f r e e l y  c r o s s .  The e s s e n c e  of  t h e  p r ob le m ,  t h e n ,  i s  t o  
i n v e s t i g a t e  t h e  a c t u a l  c o u p l i n g ,  t h e  breakdown of  t h e  BOA. The 
r y d b e r g  s t a t e  p o t e n t i a l  c u rv e  can be a p p ro x im a te d  as
U - j ( R )  = Ui + (R) -  R y /v i ( R ) ?  (18)
where t h e  rydberg  c o n s t a n t  i s  now w r i t t e n  Ry, t h e  i n t e r n u c l e a r  
d i s t a n c e  i s  R,  U-j + (R) i s  t h e  m o l e c u l a r  ion p o t e n t i a l  
c u r v e  and v^(R) i s  t h e  e f f e c t i v e  quantum number.  T h i s ,  o f  
c o u r s e ,  i s  r e a s o n a b l e  b e c au s e  a t  l a r g e  d i s t a n c e s ,  t h e  rydberg  
e l e c t r o n  a f f e c t s  t h e  c o re  e l e c t r o n  c o n f i g u r a t i o n  m i n i m a l l y .  The 
minimum of  t h e  rydberg  p o t e n t i a l  c u rv e  i s  t h e r e f o r e  g e n e r a t e d  by 
t h e  R -dependen t  e f f e c t i v e  quantum number a t  R0 , t h e  
e q u i l i b r i u m  i n t e r n u c l e a r  d i s t a n c e .  Upon d i s s o c i a t i o n ,  a tom ic  o r  
i o n i c  f r a g m e n t s  a r e  p r o d u c e d ,  s t a t e s  t h a t  c o n t r i b u t e  t o  t h e s e  
p r o c e s s e s  must  be d e t e r m i n e d  and p o t e n t i a l  e n e rg y  cu rv e s  
e s t i m a t e d .
— Second ,  t h e  r y d b e r g - v a l e n c e  i n t e r a c t i o n  i s  g iven  by
V(R) = < % ( R ) | H e l | V R ) >  ( 1 9 )
where t h e  s u b s c r i p t s  Ry and V r e f e r  t o  r y d b e rg  and v a l e n c e  channel  
w a v e f u n c t i o n s ,  r e s p e c t i v e l y ,  and He i i s  t h e  e l e c t r o n i c  
h a m i l t o n i  a n .
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The " r e a c t i o n  zone" r e f e r r e d  t o  e a r l i e r  i s  bounded by t h o s e  
v a l u e s  of  R beyond which V(R) v a n i s h e s  as wel l  as by t h o s e  v a lu e s  of  
t h e  e l e c t r o n i c  c o o r d i n a t e  beyond which t h e  s c r e e n e d  
e l e c t r o n - e l e c t r o n  i n t e r a c t i o n s  become n e g l i g i b l e .  C o n s e q u e n t l y ,  
o u t s i d e  t h i s  r e g io n  of  c o n f i g u r a t i o n  s p a c e ,  t h e  c h a n n e l - t y p e  of  t h e  
sy s te m  i s  f u l l y  d e t e r m i n e d .
— T h i r d ,  o u t s i d e  t h e  r e a c t i o n  zone ,  t h e  e f f e c t  of t h e  i n t e r a c t i o n  
m o d i f i e s  t h e  s e t  of f i n a l  s t a t e  w a v e f u n c t io n s  by add ing  in  a 
c o n j u g a t e d  s e t  $- j .  (These s e t s  a r e  j u s t  BOA w a v e f u n c t io n s  t h a t  
s e r v e  as  a g e n e r a l i z a t i o n  of  t h e  phase r e l a t i o n  between r e g u l a r  and 
i r r e g u l a r  coulomb f u n c t i o n s  in  t h e  s t a n d a r d  QDT.) T h e r e f o r e ,  t h e  
g e n e r a l  w a v e f u n c t i o n  of  a m o l e c u l a r  sys tem  s c a t t e r e d  i n t o  channel  i 
i s  g iven  by
Y = ipj +Ej Ki j ’i'j (20)
where i t  i s  e v i d e n t  t h a t  t h e  K -m a t r ix  a l t e r s  t h e  u n s c a t t e r e d  form of  
t h e  channel  f u n c t i o n s , ^ ,  t o  t a k e  accoun t  of t h e  i n t e r a c t i o n s  
when both R and r  a r e  s m a l l .  Note t h a t  t h e  s e t s  ^  and $,• 
a r e  d e f i n e d  t o  i n c l u d e  p r o d u c t s  of  an e l e c t r o n i c  and v i b r a t i o n a l  
p a r t  ( i . e . ,  t h e  Born-Oppenheimer a p p ro x i m a t io n  i s  i n i t i a l l y  
a s su m e d ) .  C o r r e s p o n d in g  t o  t h e  a p p r o p r i a t e  c h a n n e l - t y p e ,  t h e  
e l e c t r o n i c  ( o r  v i b r a t i o n a l )  w a v e f u n c t io n  i s  matched t o  t h e  s t a n d a r d  
s c a t t e r i n g  form f o r  w a v e f u n c t io n s  a t  l a r g e  r  ( o r  R ) .  The a l t e r n a t e  
s e t  a p p r o p r i a t e  f o r  t h e  r e a c t i o n  z o n e ,  ip , i s  d e f i n e d  as t h a t  b a s i s
in  which Kjj  i s  d i a g o n a l .  The phase  s h i f t s ,  na > a s s o c i a t e d  w i th  
t h e  i n t e r a c t i o n  V(R) ,  a r e  d e te r m in e d  by s o l v i n g  t h e  e i g e n v a l u e  
e q u a t i  o n :
Ej Ki j Uj a ~ ■t a n n a l\  ^
where t h e  t r a n s f o r m a t i o n  c o e f f i c i e n t s ,  U-ja a p p e a r  as
e i g e n v e c t o r s  of  t h e  i n t e r a c t i o n  m a t r i x .  I t  i s  e x p e c t e d  t h a t  na  and
U. can be o b t a i n e d  by f i t t i n g  t h e  d i s t r i b u t i o n  of o s c i l l a t o r
l a
s t r e n g t h  d e n s i t y  of  an e x p e r i m e n t a l  spe c t rum  in i t s  p e r t u r b e d  
r e g i o n s .
— F o u r t h ,  t h e  c o e f f i c i e n t s  of  t h e  expa ns ion
¥ = z  ip A (22)a  a  a
a r e  d e t e r m i n e d  by imposing t h e  boundary c o n d i t i o n s  a p p l i c a b l e  
o u t s i d e  t h e  r e a c t i o n  zone ( i . e . ,  f o r  r > r 0  and R>R0 ) .  For 
r y d b e r g  channel  f u n c t i o n s ,  t h i s  l ea ds  t o  an a d d i t i o n a l  s h o r t - r a n g e  
p h a s e s h i f t .  E f f e c t i v e  quantum numbers a re  now g iven  by
v-j = n - y  (R) + ni  (23)
1 a  u
The i n f l u e n c e  of  n , on t h e  magni tude  of  t h e  e f f e c t i v e  quantum 
number i s  e x p e c t e d  t o  be more s t r o n g l y  e n e r g y - d e p e n d e n t  t h a n  t h e  
i n f l u e n c e  of  t h e  quantum d e f e c t  f u n c t i o n s ,  u . Th is  e x p e c t a t i o n
f o l l o w s  from t h e  l o c a l i z a t i o n  of  r y d b e r g - v a l e n c e  i n t e r a c t i o n s  t o  a
f a i r l y  narrow range  of  e n e r g i e s  where t h e i r  p o t e n t i a l  c u rv e s  c r o s s ,  
t h u s  f i x i n g  t h e  e n e rg y .  In t h e  next  c h a p t e r ,  we t e n t a t i v e l y
i d e n t i f y  such a r e g i o n  in  t h e  p h o t o a b s o r p t i o n  s p e c t r u m  of  CH3 I 
and d i s c u s s  t h e  p r o b a b l e  n a t u r e  of  t h e  v a l e n c e  s t a t e  p e r t u r b e r .
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CHAPTER TWO.




This  c h a p t e r  o u t l i n e s  t h e  r e s u l t s  of  an a n a l y s i s  of  t h e  
m o l e c u l a r  ryd b e rg  s t a t e s  of  t h e  s im p le  h a l i d e s  and t h e  q u e s t i o n s  
a r i s i n g  from t h a t  a n a l y s i s .  In  p a r t i c u l a r ,  emphas is  i s  p l a c e d  on 
t h e  a p p l i c a t i o n  of  m u l t i c h a n n e l  quantum d e f e c t  t h e o r y ^  (MQDT), 
t h e  i n t e n t i o n  be in g  t o  e x p l o i t  s i m i l a r i t i e s  between t h e  
p h o t o a b s o r p t i o n  s p e c t r a  of t h e  a l k y l  h a l i d e s  and t h e  c l o s e d - s h e l l  
r a r e  g a s e s ,  and so g e n e r a l i z e  t h e  many c h a n n e l ,  t w o - l i m i t  
f o r m u l a t i o n  of  Fano and Lu2 >3 t 0  t h e s e  s y s t e m s .  That 
s i m i l a r i t i e s  ought  t o  e x i s t  between t h e  c l a s s  of  m o le c u le s  
c o n s i s t i n g  o f  a ha lo gen  atom bounded t o  an o p t i c a l l y - t r a n s p a r e n t  
s u b s t i t u e n t  was f i r s t  d i s c u s s e d  by M ul l iken  and T e l l e r ^  in  t e rm s  
o f  t h e  p r e d o m i n a n t ly  a tom ic  c h a r a c t e r  of  t h e  r e s u l t i n g  pit m o l e c u l a r  
v a l e n c e  o r b i t a l s .  M u l l iken  d i d  not  i n t e n d  t h a t  such s i m i l a r i t i e s  
s h o u ld  e x te nd  t o  m u l t i c h ro m o p h o re  s y s t e m s :  ICN, f o r  exam p le ,  would
be e x c l u d e d .
However , i t  might be e x p e c t e d  t h a t  t h e  a l k y l  h a l i d e s  r e p r e s e n t  
a s im p le  n e a r l y - a t o m i c  group of  m o le c u le s  and ,  c o n s e q u e n t l y ,  t h a t  
t h e i r  common s p e c t r a l  c h a r a c t e r i s t i c s  cou ld  be c l e a r l y  e l u c i d a t e d  
and u n d e r s t o o d .
Such i s  not  t h e  c a s e .  The r e a s o n  seems t o  r e s i d e  in  t h e  
i l l - d e f i n i t i o n  of  t h e  c o n c e p t  of  a m o l e c u l a r  ryd b e rg  s t a t e .
H i s t o r i c a l l y ,  a s s i g n m e n t s  were made in  t h e  f o l l o w i n g  way: One or
more r y d b e r g  s e r i e s  were o b s e rv e d  t o  converge  on,  o r  t o  a p p e a r  t o  
c onve rge  on an i o n i z a t i o n  l i m i t  and ,  b a sed  on an assumed c o n s t a n t
v a l u e  of  a quantum d e f e c t ,  t h e s e  s e r i e s  were t h e n  a s s i g n e d  as s , p  or  
d t y p e s .  However, a fundam en ta l  p roblem a p p e a r s  when s e r i e s  members 
a r e  e x t r a p o l a t e d  backwards t o  t h e  l o w e s t  ene rgy  members ,  many i f  not  
a l l  o f  which a r e  more a p p r o p r i a t e l y  d e s c r i b e d  in  an L S - ty p e  r a t h e r  
t h a n  a j j - t y p e  c o u p l i n g  scheme.  Th i s  d i f f i c u l t y  i s  compounded f o r  
de e p ly  p e n e t r a t i n g  o r b i t a l s  f o r  which t h e  c o n s e r v a t i o n  of  even a 
p r i n c i p a l  quantum number no l o n g e r  h o l d s .
F u r t h e r m o r e ,  any breakdown o f  t h e  Born-Oppenheimer 
a p p r o x i m a t io n  o r ,  e q u i v a l e n t l y , t h e  c o u p l i n g  of  rydberg  and v a le n c e  
s t a t e s ,  means t h a t  t h e  s t a n d a r d  f o r m u l a t i o n  of  MQDT must  be m o d i f i e d  
even when i t  o f f e r s  a u s e f u l  l o w e r - o r d e r  a p p ro x i m a t io n  t o  t h e  
t r e a t m e n t  of  r y d b e r g - r y d b e r g  i n t e r a c t i o n s .  As s t a t e d  i n  t h e  
I n t r o d u c t i o n ,  we have t a k e n  t h e  Born-Oppenheimer  A pprox im a t ion  and 
t h e  a d i a b a t i c  a p p r o x i m a t io n  t o  have t h e  same meaning as 
r y d b e r g - v a l e n c e  c o u p l i n g ,  i t  b e ing  i m p l i c i t  t h a t  t r a n s f o r m a t i o n s  
which d i a g o n a l i z e  r y d b e r g - r y d b e r g  and v a l e n c e - v a l e n c e  i n t e r a c t i o n  
m a t r i c e s  have been d e t e r m i n e d  p r i o r  t o  c o n s i d e r a t i o n  of  t h e  more 
l o c a l i z e d  r y d b e r g - v a l e n c e  p e r t u r b a t i o n s .
34
I .  HOW QUANTUM DEFECT METHODS CAN BE APPLIED TO POLYATOMICS.
This  manner of  t r e a t i n g  p e r t u r b a t i v e  e f f e c t s  c o n s t i t u t e s  t h e  
most  i m p o r t a n t  a s p e c t  of  MQDT, namely ,  t h a t  i t  i s  made up of 
s t e p w i s e  p r o c e d u r e s  by which r y d b e r g - r y d b e r g  i n t e r a c t i o n s  can be 
t r e a t e d  f i r s t ,  f o l l o w e d  by r y d b e r g - v a l e n c e  m ix in g ,  as has been 
s t r e s s e d  by Jungen and G u i s t i 6 . We w i l l  adop t  t h i s  same 
a p p r o a c h .  Recent  MQDT-based a n a l y s e s  of  m o l e c u l a r  
p r e d i s s o c i a t i o n 6  and d i s s o c i a t i v e  r e c o m b in a t io n ^  in  
d i a t o m i c s  f o l l o w  t h e  t h e o r e t i c a l  work of  G re e ne ,  Fano and 
S t r i n a t i 8  and G reene ,  Rau and Fano9 , which we r e f e r  t o  as 
g e n e r a l i z e d  QDT (GQDT) and which i s  no l o n g e r  r e s t r i c t e d  t o  coulomb 
p o t e n t i a l s .  These l a t t e r  p a p e r s  o b t a i n  e x p l i c i t  fo rm u la s  f o r  
q u a n t i t i e s  a p p r o p r i a t e  t o  t h e  p h y s i c a l y  s i g n i f i c a n t  l o n g - r a n g e  
p o t e n t i a l s  r n , where n = 0 , - 1 , - 2 .  I t  i s  t h e  aim of  t h i s  pape r  
t o  show how t h e s e  t e c h n i q u e s  can be used  t o  " d i s s e c t "  t h e  
s t r o n g l y - c o u p l e d  e l e c t r o n i c  and n u c l e a r  m otions  of  a po ly a to m ic  
molecul  e .
I t  i s  wel l  t o  e m phas ize  t h a t  t h e  p r e s e n t  a t t i t u d e  grew out  of  
o u r  p r i o r  a t t e m p t s  t o  a s c e r t a i n  t h e  l i m i t s  of  a p p l i c a b i l i t y  of  t h e  
Lu-Fano g r a p h i c a l  p r o c e d u r e  w i th  r e g a r d s  t o  high  r e s o l u t i o n  
p h o t o a b s o r p t i o n  s p e c t r a  of  p o l y a t o m i c  m o l e c u l e s .  (See  Appendix I . )
In p a r t i c u l a r ,  w h i l e  c e r t a i n  a s p e c t s  of  t h e  CH3 I r y d b e r g  channel  
c o u p l i n g  were  q u i t e  s i m i l a r  t o  r e s u l t s  o b t a i n e d  by Lu2  f o r  t h e  
r a r e  gas Xe, t h e  s i m p l i c i t y  of  t h e  s-wave and d-wave channel  
s t r u c t u r e  d id  not  e x te n d  in any r e a s o n a b l e  i n t e r p r e t a t i o n  of v a r i o u s
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FIGURE 1 .  Lu-Fano p l o t s  f o r  t h e  d i s c r e t e  s t a t e s  of  Xe and CH3 I .  
Th is  f i g u r e  i s  r e p r o d u c e d  from Appendix I .  v j  and 
\ >2  a r e  e f f e c t i v e  quantum numbers (modulo 1 ) d e f i n e d  
w i t h  r e s p e c t  t o  t h e  f i r s t  and second i o n i z a t i o n  
p o t e n t i a l s ,  Tj and I 2 , r e s p e c t i v e l y .  The s o l i d  d i a g o n a l  
l i n e  i s  given  by V j s .V g ,  t h e  s o l i d  cu rve  i s  t h e  
l o c u s  of  F ( V j , v 2 ) = 0 , and t h e  dashed c u rv e  i s  
t h e  f u n c t i o n  vi ( v2 ) .  These f u n c t i o n s  a r e  d e f i n e d  
i n  Appendix I .  N o t a t i o n  f o r  t h e  d a t a  p o i n t s  i s  as 
f o l l o w s :  d = d 5 / 2 ( I 1 ) , c T = d 3 / 2 ( I i ) , s = s l / 2 ( I 1 ) ,  
























FIGURE 2 .  Ass ignments  of  t h e  r y d b e r g  s t a t e s  of  methyl i o d i d e .
The c o o r d i n a t e s  a r e  t h e  e f f e c t i v e  quantum numbers v i  
and \>2 * The i n t e g e r  p o r t i o n  of  can be read  by
f o l l o w i n g  t h e  dashed  c u rv e  t h r o u g h  t h e  numbers above t h e
g r a p h .  L ine  segments  c o n n e c t  members of  s e r i e s  which 
conve rge  on t h e  f i r s t  i o n i z a t i o n  p o t e n t i a l  ( v 2  =
4 . 6 6 ) .  T e n t a t i v e  quantum number l a b e l s  f o r  t h e  e l e c t r o n  
a n g u l a r  momentum a r e  l i s t e d  a t  t h e  r i g h t  hand s i d e  of  t h e
g r a p h .  Below v 2  = 3 .0  s i g n i f i c a n t  co re  p e n e t r a t i o n
i s  e v i d e n t ,  as d i s c u s s e d  in  t h e  t e x t .  For  
3 . 5 < V 2 < 4 . 1 ,  t h e  r e g io n  marked by t h e  dashed 
h o r i z o n t a l  b a r  a t  t h e  bo t tom of  t h e  f i g u r e ,  l a r g e  
v a r i a t i o n s  in  t h e  quantum d e f e c t s  ( u  = - ^ ( m o d u l o  1 ) )  
a r e  o b s e r v e d .  Th i s  i s  due t o  t h e  p r e s e n c e  of  p e r t u r b i n g  
l e v e l s  ( t h o s e  l e v e l s  marked w i th  pr imes t h a t  conve rge  on 
t h e  second i o n i z a t i o n  p o t e n t i a l )  a n d ,  as d i s c u s s e d  in  
t e x t ,  t h e  p r e s e n c e  o f  a nonrydberg  ( v a l e n c e )  s t a t e  in 
t h e  v i c i n i t y .  I t  s h o u ld  be s t r e s s e d  t h a t  t h i s  graph  i s  
no t  a Lu-Fano p l o t  though  i t  p r e s e n t s  t h e  e x p e r i m e n t a l  
d a t a  in  a s i m i l a r  f o r m a t .
N o t a t i o n  i s  as f o l l o w s :  
s = 5 1 / 2 ( 1 ! )  , s '  = p l / 2 ( I 2 )
p = p 3 / 2 ( I - , ) , p '  = p l / 2 ( I 2 )
p = p l / 2 ( I q ) , p '  = p 3 / 2 ( I 2 )
d = d 3 / 2 ( I ] ) , d 1 = d 3 / 2 ( I 2 )
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d = d 5 / 2 (  I ] ) , d '  = d 5 / 2 ( I 2 )
f  = f 5 / 2 ( I ] ) , f  = f 5 / 2 ( I 2 )
f  = f 7 / 2 ( I ] ) , ? '  = f 7 / 2 (  I2 )
I-| and I 2  r e f e r  t o  t h e  f i r s t  and second i o n i z a t i o n
p o t e n t i a l s ,  r e s p e c t i v e l y .  Data  p o i n t s  f o r  3.65<V2<4.55 
r e p r e s e n t  e v e ry  1 i n e  r e c o r d e d  a t  high r e s o l u t i o n  u s in g  a s y n c h r o t r o n  
























o t h e r  o b s e r v e d ,  b u t  u n a s s i g n e d  c h a n n e l s ,  presum ably ones of  p and f  
t y p e s .  (Compare F i g u r e s  1 and 2 . )
P r o g r e s s  was made when i t  was r e a l i z e d  t h a t  t h e  s im p le  p a r t i a l  
wave d e s c r i p t i o n  broke  down in t h e  m olecu le  be cause  t h e  a c t u a l  
v i b r o n i c  s t a t e s  a r i s i n g  from r y d b e r g - v a l e n c e  mixing i n t r o d u c e  an 
a d d i t i o n a l  sp in  dependence  i n t o  t h e  f u l l  d e s c r i p t i o n  of  t h e  channel  
i n t e r a c t i o n s .  These i n t e r a c t i o n s  a r e  p a r t i c u l a r l y  r e l e v a n t  t o  any
c o n s i d e r a t i o n  of  t h e  anomalous i n t e n s i t i e s  of  ryd b e rg  l e v e l s .  I t
was found however t h a t  q u a l i t a t i v e l y  c o r r e c t  r e s u l t s  cou ld  be 
o b t a i n e d  w i t h o u t  r e s o r t i n g  t o  e x p l i c i t  i n c l u s i o n  of  t h e  v a l e n c e  
c h a n n e l s  f o r  CH3 I .  T h e r e f o r e ,  we conc lude  t h a t  t h e  rydberg  
c o u p l i n g  prob lem i s  s o lv e d  f o r  t h i s  m o le cu le  e x c e p t  pe rh a p s  f o r  t h e  
frame t r a n s f o r m a t i o n  which a l l o w s  e x t r a p o l a t i o n  t o  t h e  l o w e s t  s e r i e s  
members.
The r y d b e r g - v a l e n c e  prob lem i s  of  paramount  im p o r ta n c e  and i t  
w i l l  remain so u n t i l  methods of  t r e a t i n g  i t  become more 
s t r a i g h t f o r w a r d .  I t  i s  our  c o n t e n t i o n  t h a t  t h e  s im ple  h a l i d e s  
c o n s t i t u t e  a s y s te m  in  which many a s p e c t s  of  t h i s  problem may be 
s t u d i e d  p r o f i t a b l y .
A g e n e r a l  scheme which w i l l  s e r v e  t o  i n t r o d u c e  t h e  i m p o r t a n t  
components  of  such a method i s  given  i n  F i g .  3 .  The s t e p w i s e  
p r o c e d u r e  by which a p h y s i c a l  p r o c e s s  can be s i m p l i f i e d  by quantum 
d e f e c t  methods w i l l  become a p p a r e n t .  Not a l l  p r o c e s s e s  a r e  amenable  
t o  t h e s e  m ethods ,  however .  The fundam enta l  c o n d i t i o n  i s  e x p r e s s e d  
a t  t h e  to p  of  t h e  f i g u r e  by t h e  way in  which a ge n e ra l  p o ly a to m ic
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FIGURE 3 .  O r g a n i z a t i o n  c h a r t  f o r  t h e  s t e p w i s e  a p p l i c a t i o n  of
quantum d e f e c t  methods t o  m o le c u la r  p r o b le m s .  F i r s t ,  t h e  
m o l e c u l a r  o r i b t a l s  (MOs) o f  t h e  d i a t o m i c l i k e  m o le c u le  AB 
a r e  d e s i g n a t e d  as  be ing  p r i m a r i l y  of  r y d b e rg  or  v a le n c e  
t y p e .  For  motion  a lo n g  t h e  A-B bond,  t h e  e x c i t e d  s t a t e  
p o t e n t i a l  c u rv e s  b e lo n g in g  t o  s t a t e s  o f  d i f f e r e n t  t y p e  
a r e  c o n s i d e r e d  t o  c r o s s  f r e e l y ,  i n  a c c o r d  w i th  t h e  
Born-Oppenheimer  Approx im a t io n  ( q u a s i a d i a b a t i c i t y ) .  
Second ,  t h e  r y d b e rg  channel  c o u p l i n g  prob lem i s  s o lv e d  by 
Lu-Fano methods and a p a r a m e t r i c  R- de pendence  i s  
i n t r o d u c e d  as n e c e s s a r y  (R i s  t h e  A-B i n t e r n u c l e a r  
c o o r d i n a t e ) .  The frame t r a n s f o r m a t i o n  and t h e  meaning of  
r 0  a r e  e x p l a i n e d  in  t h e  t e x t .  T h i r d ,  t h e  v a l e n c e  
s t a t e s  a r e  c h a r a c t e r i z e d  w i t h  r e s p e c t  t o  d i s s o c i a t i o n  
a lo n g  t h e  A-B bond .  Though not  e x p l i c i t l y  shown in  t h e  
f i g u r e ,  d i s s o c i a t i o n  i n t o  i o n i c ,  as wel l  as n e u t r a l ,  
f r a g m e n t s  is  i n c l u d e d  in  t h i s  s t e p .  F i n a l l y ,  t h e  
K -m a t r ix  f o r m u l a t i o n  of  G u i s t i  in g e n e r a l i z e d  QDT may be 
used t o  d e f i n e  a d d i t i o n a l  p h a s e s h i f t s  which r e p r e s e n t  t h e  
r y d b e r g - v a l e n c e  m ix in g .  These p h a s e s h i f t s  can be 
e x t r a c t e d  by f i t t i n g  i n t e n s i t y  d a t a  in  t h e  p e r t u r b e d  
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m o le c u le  i s  r e p r e s e n t e d  ( i . e . ,  as  be in g  d i a t o m i c l i k e  w i th  r e s p e c t  to  
d i s s o c i a t i o n ) .  M olecu les  w i th  s i g n i f i c a n t  p h o t o f r a g m e n t a t i o n  y i e l d s  
in  c h a n n e l s  t h a t  r e p r e s e n t  br eakup  or  r e a r r a n g e m e n t  c o l l i s i o n s  a r e  
t h e r e b y  e x c l u d e d .  The Born-Oppenheimer a p p r o x i m a t io n  ( o r  
q u a s i a d i a b a t i c i t y )  i n  t h e  s e n s e  of  our  p r e v i o u s  d i s c u s s i o n s  a l l o w s  
us t o  d i s t i n g u i s h  t r a n s i t i o n s  between m o l e c u l a r  o r b i t a l s  t h a t  a r e ,  
i n  a f i r s t  a p p r o x i m a t i o n ,  s e m i - l o c a l i z e d :  i n  o t h e r  w ords ,  o r b i t a l s
p r i m a r i l y  c e n t e r e d  on t h e  chromophore weakly i n t e r a c t  w i th  t h o s e  
bond ing  o r b i t a l s  a d j a c e n t  t o  them and not  a l l  w i t h  o r b i t a l s  p u r e l y  
a s s o c i a t e d  w i t h  t h e  s u b s t i t u e n t .  We r e f e r  t o  t h i s  as m o l e c u l a r  
o r b i t a l  (MO) s e p a r a b i l i t y .  Thus,  e x c e p t  f o r  " l o c a l "  p e r t u r b a t i o n s ,  
which can in  p r i n c i p l e ,  be t r e a t e d  e i t h e r  p e r t u r b a t i v e l y  or  by 
K - m a t r ix  t e c h n iq u e s * 7, c o u p le d  r y d b e r g  s e r i e s  in  m o le c u le s  can be 
o r t h o g o n a l i z e d  in  f u l l  a na logy  t o  t h e  a tom ic  c a s e .  The s e t  of  
r y d b e r g  channel  p a r a m e t e r s  o b t a i n e d  in  t h i s  p a r t  of  t h e  p r o c e d u r e  
g i v e  e x p l i c i t  form t o  t h e  e l e c t r o n i c  w a v e f u n c t i o n s  which e n t e r  t h e  
c a l c u l a t i o n  of  m a t r i x  e l e m e n t s  of  t h e  r y d b e r g - v a l e n c e  c o u p l i n g  i f  i t  
i s  assumed t h a t  t h e  form o f  t h e  w a v e f u n c t i o n s  f o r  t h e  v a l e n c e  s t a t e s  
a r e  known. Th is  i s  n o t ,  however ,  a t r i v i a l  c o m p u t a t i o n a l  e f f o r t .
At t h e  p r e s e n t  t i m e ,  t h e  GQDT, which a l l o w s  t h e  c o u p l i n g  o f  
s e em ing ly  v e ry  d i f f e r e n t  c h a n n e l s ,  has been a p p l i e d  on ly  t o  l i m i t e d  
e x a m p le s .  The e i g e n v a l u e s  of  t h e  K -m a t r ix  a r e  i n t e r p r e t e d  in  t h e  
t h e o r y  as a d d i t i o n a l  s h o r t  range  p h a s e s h i f t s  of  t h e  p rob lem .  I t  i s  
ou r  i n t e n t i o n  t o  o b t a i n  t h e s e  p h a s e s h i f t s  by f i t t i n g  t o  e x p e r i m e n t a l  
s p e c t r a ,  c a l c u l a t e d  o s c i l l a t o r  s t r e n g t h s :  t h e  Lu-Fano g r a p h i c a l
a n a l y s i s  s o r t s  ou t  t h e  g l o b a l  ( r y d b e r g )  p a r a m e t e r s  and 
r y d b e r g - v a l e n c e  mix ing c o n t r i b u t i o n s  accoun t  f o r  b r o a d e n i n g ,  band 
s h i f t s  and i n t e n s i t y  c h a n g e s .  I t  i s  a n t i c i p a t e d  t h a t  much of  t h e  
u n d e r s t a n d i n g  in  t h e  f i e l d  o f  e ne rgy  t r a n s f e r  and r e l a x a t i o n  
phenomena of  e x c i t e d  s t a t e s  w i l l  t u r n  out  t o  be u s e f u l  e s p e c i a l l y  
when t h e  d e n s i t y  of  s t a t e s  i s  high even f o r  small  p o l y a t o m i c  
m o le c u le s  a t  high e x c i t a t i o n  e n e r g i e s  in  t h e  vacuum u l t r a v i o l e t .
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I I .  INTERPRETATION OF THE ELECTRONIC STATES OF METHYL IODIDE.
We beg in  by r e f e r r i n g  t o  t h e  c h a r a c t e r i s t i c  f e a t u r e s  of  t h e  
p h o t o a b s o r p t i o n  and p h o t o e l e c t r o n  s p e c t r a  of  CH3 I .  These 
r e p r e s e n t  t h e  raw i n p u t  d a t a  f o r  an e m p i r i c a l  MQDT a p p ro a c h  s i m i l a r  
t o  one of  Lu and Fano.  The s p e c t r a  of  HI and o t h e r  a l k y l  i o d i d e s  
may be d i s c u s s e d  s i m u l t a n e o u s l y  where t h e  u n d e r l y i n g  a s su m p t io n  i s  
t h a t  a l l  t h e s e  m o le c u le s  e x h i b i t  t h e  same r y d b e r g  t r a n s i t i o n s  
d i f f e r i n g  on ly  by s y s t e m a t i c  s h i f t s  of  band p o s i t i o n s .  For  t h i s  
r e a s o n ,  as we l l  as t h e  f a c t  t h a t  t h e  major  d i s s o c i a t i o n  c h a n n e l s  
i n v o l v e  C - I  bond b r e a k i n g ,  10,11 s p e c t r o s c o p i c  n o t a t i o n  
a p p r o p r i a t e  f o r  d i s c u s s i o n s  of  t h e  symmetry of  l i n e a r  m o le c u le s  w i l l  
g e n e r a l l y  be u s e d .
A. IDENTIFICATION OF MOLECULAR CHANNELS.
In an e a r l y  a p p l i c a t i o n  of  quantum t h e o r e t i c a l  models t o  
m o l e c u l a r  s p e c t r o s c o p y ,  M u l l i k e n ^  u s in g  P a u l i n g ' s  v a l e n c e  bond 
a p p r o a c h ,  was a b l e  t o  draw q u a l i t a t i v e l y - c o r r e c t  p o t e n t i a l  cu rves  
f o r  t h e  HI v a l e n c e  s t a t e s .  The p o t e n t i a l  e ne rgy  cu rves  t h a t  
c o r r e s p o n d  t o  r y d b e r g  e l e c t r o n i c  s t a t e s  may be supe r im posed  on t h e  
M u l l i k e n  scheme w i th  no d i f f i c u l t y .  Three  t y p e s  of  o n e - e l e c t r o n  
t r a n s i t i o n  a r e  now d i s t i n g u i s h a b l e :
a) ■> a 27T3a *  . . . v a l e n c e - t y p e
b) o z ,n k -»■ o 2 t t3 n#A . . . r y d b e r g - t y p e
c) a 2! ^  -> crn^a* . . . v a l e n c e - t y p e
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As w i l l  be shown below,  s i g n i f i c a n t  c o n f i g u r a t i o n  i n t e r a c t i o n  
o c c u r s .
A pape r  by F a n o ^  has  d e m o n s t r a t e d  t h e  e s s e n t i a l  
e q u i v a l e n c e  o f  quantum d e f e c t  and c o n f i g u r a t i o n  i n t e r a c t i o n  methods 
v i a  t h e  K - m a t r i x .  I t  i s  m ix ing  o f  t h e  s t a t e s  g e n e r a t e d  by t h e s e  
c o n f i g u r a t i o n s  t h a t  we must  e v e n t u a l l y  t r y  t o  s o r t  ou t  u s in g  GQDT 
m ethods .  G u i s t i ?  has  r e c e n t l y  d e v e lo p e d  t h e  fo rm a l i s m  f o r  
r y d b e r g - v a l e n c e  i n t e r a c t i o n s  in  t h e  c o n t e x t  of  d i s s o c i a t i v e  
r e c o m b i n a t i o n .  The 2 - d im e n s i o n a l  c o n f i g u r a t i o n  spa ce  of  t h e  r a d i a l  
c o o r d i n a t e  of  t h e  rydberg  e l e c t r o n  and t h e  i n t e r m o l e c u l a r  r a d i a l  
d i s t a n c e  c o n t a i n s  a r e g io n  where t h e  exchange  of  ene rgy  of  t h e s e  
motions  o c c u r s .  Th is  r e g i o n  i s  e v i d e n t l y  r e s t r i c t e d  by t h e  t o t a l  
ene rgy  a v a i l a b l e  t o  t h e  sys tem  and i s  a g e n e r a l i z a t i o n  of  
c u r v e - c r o s s i n g  a rguments  f o r  d i a t o m i c  s y s t e m s .  (See Jungen  and 
G u i s t i ^  f o r  a d i s c u s s i o n  of  t h i s  c o n f i g u r a t i o n  s p a c e . )  S ince  t h e  
ry d b e r g  o r b i t a l  i s  g r e a t l y  e x te n d e d  s p a t i a l l y ,  i n t e r p r e t a t i o n s  of  
i n t e r a c t i o n s  o f  t h i s  t y p e  a r e  dom ina ted  by c o n s i d e r a t i o n s  of  t h e  
e l e c t r o n  a m p l i t u d e  n e a r  t h e  co re  ( i . e . ,  b e f o r e  t h e  e l e c t r o n  ha f  
emerged from t h e  i n n e r  c o re  r e g i o n ) .
P r i o r  t o  examin ing  t h e s e  p a r t i c u l a r l y  d i f f i c u l t  a s p e c t s  of 
m o l e c u l a r  c o u p l i n g ,  i t  would p e rh a p s  be b e s t  t o  ment ion  some e a r l i e r  
e f f o r t s  t h a t  p r o v i d e  a r a t i o n a l e  f o r  t h e  d i r e c t i o n  t h i s  r e s e a r c h  has 
t a k e n .
C onc lud ing  remarks c o n t a i n e d  in  a p a p e r  by Wang e t  a l  on 
quantum d e f e c t  a n a l o g i e s  s u g g e s t e d  t h e  need f o r  m u l t i c h a n n e l
a p p ro a c h e s  when t h e  e f f e c t i v e  quantum number ( i . e . ,  t h e  e n e rg y )  
becomes l a r g e .  We r e c e n t l y  p u b l i s h e d  r e s u l t s  which e x p l o r e d  t h i s  
p o s s i b i l i t y  by b r i n g i n g  ov e r  d i r e c t l y  t h e  c o u p l i n g  prob lem f o r  r a r e  
gas  a tom s .  That  p a p e r  i s  i n c l u d e d  in  t h i s  d i s s e r t a t i o n  as  Appendix 
I .  Many o f  t h e  a rguments  g iven  t h e r e  have been su p e rc e d e d  by t h e  
p r e s e n t  a n a l y s i s  but  i t  does r e p r e s e n t  a t r a n s i t i o n a l  s t a g e  i n  our  
e f f o r t ,  t h u s  m e r i t i n g  i t s  i n c l u s i o n .  I t s  main r e s u l t  ( F i g u r e  1 of  
t h a t  p a p e r )  i s  r e p r o d u c e d  h e r e  in  F i g u r e  1. I t  s h ou ld  be borne  in 
mind t h a t  t h e  s i m i l a r i t y  be tween  a tom ic  and m o l e c u l a r  Lu-Fano p l o t s  
i s  p a r t l y  b u i l t  i n t o  t h e  a n a l y s i s  and t h a t ,  i n  f a c t ,  t h e  a c t u a l  
c o u p l i n g  i s  much more c o m p l i c a t e d  t h a n  t h e  f i g u r e  s u g g e s t s .
To f u l l y  r e p r e s e n t  t h e  p ro b le m ,  an e n u m e r a t io n  of  a l l  c h a n n e l s  
must  be u n d e r t a k e n .  R e s t r i c t i n g  t h e  number of  c h a n n e l s  t o  t h o s e  
t h a t  d e r i v e  from t h e  c o n f i g u r a t i o n a l  e x c i t a t i o n s  g iven  above ( i . e . ,  
t o  e x c i t a t i o n  from t h e  h i g h e s t - o c c u p i e d  MO's) i t  i s  found t h a t  f o r  
HX( X = C£,  Br,  I )  t h e r e  a r e  t h r e e  i o n i z a t i o n  p o t e n t i a l s  t o  
c o n s i d e r .  (Fo r  CH3 I ,  a f o u r t h  o c c u r s  a t  e n e r g i e s  a few e l e c t r o n  
v o l t s  h i g h e r  th a n  t h o s e  of  conc e rn  h e r e 1 5 » 1 6  but  i t  i s  assumed 
t h a t  t h i s  channel  i s  s t r o n g l y  c l o s e d  in  t h e  s e n s e  of s c a t t e r i n g  
t h e o r y  and does not  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  a n a l y s i s  of 
s t a t e s  in  t h e  e n e rg y  range  of  i n t e r e s t .  F u r t h e r m o r e ,  t h i s  h i g h e r  
i o n i z a t i o n  e n e rg y  i s  found e x p e r i m e n t a l l y  t o  be i n s e n s i t i v e  t o  
h a l i d e  s u b s t i t u t i o n  i n d i c a t i n g  t h a t  t h e  o r b i t a l  i s  p r i m a r i l y  
l o c a l i z e d  on t h e  methyl  g ro u p .  S i m i l a r  a rgum ents  app ly  
t o  o t h e r  a l k y l  d e r i v a t i v e s ) .  These  e n e r g i e s  a r e  l i s t e d  f o r  s e v e r a l
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m o le c u le s  in  T a b l e  I .  The o r b i t a l s  a r e  p o r t r a y e d  in  F i g u r e  4 w h e re ,  
o f  c o u r s e ,  t h e  d e p i c t i o n  i s  m ere ly  s u g g e s t i v e .
S in c e  t h e  QDT a pproach  e m phas izes  t h e  a s y m p t o t i c  b e h a v i o r  of 
a tom ic  o r  m o l e c u l a r  p r o c e s s e s ,  we must  c o n s i d e r  in some d e t a i l  t h e  
r e l a t i o n s h i p  between o r b i t a l  i o n i z a t i o n  p o t e n t i a l s ^ , 16 anc| t h e  
s t a t e s  o f  t h e  t r a n s i t i o n s  g iven  p r e v i o u s l y .  Upon i o n i z a t i o n ,  ty p es  
a)  and b) e x c i t e d  c o n f i g u r a t i o n s  go ov e r  t o  e l e c t r o n i c  cont inuum 
s t a t e s  in  which t h e  m o l e c u l a r  ion c o re  i s  in  i t s  ground e l e c t r o n i c  
s t a t e  xC2 ^ , <3 =3 / 2 , 1 / 2 )  w h i l e  t y p e  c) r e s u l t s  i n  t h e  A(2 £) 
c o r e  e x c i t e d  s t a t e .  I t  would be e x p e c t e d ,  and i s  t h e  c a s e  i n d e e d ,  
t h a t  i o n i z a t i o n  t o  t h e  X s t a t e ,  and t h e  rydberg  t r a n s i t i o n s  of  t y p e  
b ,  show l i t t l e  change  in  n u c l e a r  geometry whereas  i o n i z a t i o n s  i n t o  
t h e  A m a n i f o ld  have s i g n i f i c a n t  v i b r a t i o n a l  a c t i v i t y  a lo n g  t h e  C-I  
bond .  In  HI ( s e e  F i g .  5 ) ,  t h e  t y p e  c)  t r a n s i t i o n  g iv e s  r i s e  t o  t h e  
s t a t e  l a b e l e d  V 'z + by M u l l i k e n , * 2  t h e  v i b r a t i o n a l  l e v e l s  of  
which have been a n a ly z e d  by G i n t e r  e t  a l  . T h e i r  r e s u l t s  
i n d i c a t e  a l a r g e  change  in  r o t a t i o n a l  c o n s t a n t  from t h a t  of  t h e  
ground e l e c t r o n i c  s t a t e .
The methyl  i o d i d e  p h o t o e l e c t r o n  s p e c t r u m ,  f o r  i n s t a n c e ,  
e x h i b i t s  s h a rp  v e r t i c a l  t r a n s i t i o n s  a t  76930 and 81980 cm” 1 
c o r r e s p o n d i n g  t o  i o n i z a t i o n  t o  t h e  two s p i n - o r b i t  s p l i t  l e v e l  o f  t h e  
ground e l e c t r o n i c  s t a t e  of  t h e  CH3 I+ m o l e c u l a r  i o n ,  n = 3 / 2 ,
1 / 2 ,  r e s p e c t i v e l y .  As n o t e d ,  a t  l e a s t  14 r y d b e r g  s e r i e s  may be seen 
t o  conve rge  t o  t h e s e  l i m i t s  in high  r e s o l u t i o n  s p e c t r a .
The t h i r d  i o n i z a t i o n  band has  been a t t r i b u t e d  t o  t h e  co re  e x c i t e d
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TABLE I .  P h o t o e l e c t r o n  d a t a  f o r  t h e  low es t  i o n i z a t i o n  e v e n t s
( i n  e l e c t r o n  v o l t s )  o f  s e v e r a l  s im p le  h a l i d e s .  Values  in 
column 5 r e f e r  t o  t h e  o n s e t  of  i o n i z a t i o n .  All v a lu e s  from 
R e f e r e n c e  15.
1.  2 .  3 .  4 .  5 .  6 .
HI 10 .39  11 .05 10 .72  0 .6 6  13 .5  2 .78
CHgl 9 .5 4  10 .16  9 .85  0 .6 2  12 .5  2 .65
C2 H5 I 9 .3 5  9 .9 3  9 .64  0 .5 8  11 .6  1 .96
n-C 3 H7 I 9 .2 6  9 .8 3  9 .54  0 .5 7  11 .4  1 .86
n-C^Hgl 9 .2 3  9 .79  9.51 0 .5 6  11 .27  1 .76
where
1.  RX(X1 zQ) -> RX+ (X 2n ,  a  = 3 / 2 ) +  e "
1 00 O
2 . RX(x‘ e0 ) +  X+ (X n ,  n  = 1 / 2 ) +  e"
3 . t h e  e n e r g y  a v e r a g e  o f  t h e  v a l u e s  o f  column 1 and column 2 .
4 . t h e  s p i n - o r b i t  s p l i t  o f  t h e  io n  c o r e  g round  s t a t e ,  t h e  d i f f e r e n c e  
be tw een  v a l u e s  o f  column 1 and  column 2 .
5 . RX(X] zo ) -+ RX+ (A 2 e ,  T i = 1 / 2 ) +  e '
6 . t h e  d i f f e r e n c e  be tw een  t h e  v a l u e s  o f  columns 3 and 5.
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FIGURE 4 .  Sym m et ry -b reak ing  of  o r b i t a l s  and t h e i r  e n e r g i e s  f o r  some 
r e l a t e d  atoms and m o l e c u l e s .  The w e l l - r e s o l v e d  rydberg  
s e r i e s  of  t h e  s im p le  h a l i d e s  a r e  a t t r i b u t a b l e  t o  t h e  
p e r s i s t e n c e  of  a tom ic  o r b i t a l  s t r u c t u r e  on t h e  h a lo g e n .  
The e n e r g i e s  o f  t h e s e  o r b i t a l s  a r e  o b t a i n e d  from 
p h o t o e l e c t r o n  s p e c t r o s c o p y .  Xenon and ha loge n  o r b i t a l  
e n e r g i e s  c o n s t i t u t e  an a v e r a g e  over  t h e  two s p i n - o r b i t  
com ponen t s .  U n i t s  of  ene rgy  a r e  in  e l e c t r o n  v o l t s .  The 
s a l i e n t  f e a t u r e  i l l u s t r a t e d  h e re  c o n c e r n s  t h e  e n e r g i e s  of  
o r b i t a l s  of  h i g h e r  symmetry.  For  exam ple ,  t h e  t r i p l y  
d e g e n e r a t e  1f 2  o r b i t a l  o f  methane a t  14.2eV s p l i t s ,  
i n  C3 V symmetry,  i n t o  a d o u b l y - d e g e n e r a t e  l e  and 
n o n d e g e n e r a t e  3 3 ^ ,  t h e  i o n i z a t i o n  of  which in  methyl 
i o d i d e  occu r  a t  e n e r g i e s  above (15 .0eV)  and below 
( 1 2 .5 e V ) ,  r e s p e c t i v e l y ,  than  t h a t  of  t h e  I f 2  o r b i t a l  
in  m ethane .  A s i m i l a r  p r o c e s s  f o r  t h e  5p6  s u b s h e l l  
o f  Xe l e a d s  t o  t h e  same r e s u l t .  I t  s hou ld  be a p p r e c i a t e d  
t h a t  t h e  o r b i t a l  e n e r g i e s  of  CH3 I a r e  c o n s t r a i n e d  by 
such c o n s i d e r a t i o n s .
5 p6 (12.8) 77(10.7) 2 e (9 .8 )
3 a, 
(12.5)(13.5)
Xe  H I  CH3 I
0 (3 )  ^oov C3v




FIGURE 5 .  P o t e n t i a l  e n e rg y  c u rv e s  f o r  t h e  bound v a l e n c e  s t a t e ,  V,
f o r  some s im p le  i o d i d e s .  D i s s o c i a t i o n  e n e r g i e s  r e s u l t i n g  
f rom motion a lo n g  t h e  R - I  i n t e r n u c l e a r  c o o r d i n a t e  a r e  
t a b u l a t e d  in  T a b l e  I I .  The cu rve  f o r  t h e  V s t a t e  of  HI 
i s  r e p r o d u c e d  from R e f e r e n c e  12 F i g u r e  1 and has  been 
v i b r a t i o n a l l y  a n a ly z e d  by G i n t e r  e t  a l . ,  R e f e re n c e  17.
All  a lk y l  i o d i d e  c u rv e s  a r e  s p e c u l a t i v e  s i n c e  no 
v i b r a t i o n a l  p r o g r e s s i o n s  have been i d e n t i f i e d .  The 
s h a p es  of  t h e s e  c u rv e s  a r e  deduced  on t h e  b a s i s  o f  t h e  
d i s t r i b u t i o n  o f  o s c i l l a t o r  s t r e n g t h  d e n s i t y ,  
p e r t u r b a t i o n s  o f  n ea rby  r ydbe rg  l e v e l s  and c om par i sons  
w i t h  H I .  The v i b r a t i o n a l  l e v e l s  of  t h e  V s t a t e  in  t h e  
a l k y l  i o d i d e s  a r e  assumed t o  form a quas i  c o n t in u u m .  This  
t o p i c  i s  d i s c u s s e d  in  more d e t a i l  in  t h e  t e x t .  Re 
r e p r e s e n t s  t h e  e q u i l i b r i u m  i n t e r m o l e c u l a r  d i s t a n c e  f o r  











s t a t e  A^z s i n c e  t h e  p h o t o e l e c t r o n  s p e c t r u m ^  shows s e v e r a l  
w e l l - s t r u c t u r e d  v i b r a t i o n a l  p r o g r e s s i o n s  e x t e n d i n g  from 96780 t o  
104850 cm" 1 t h a t  i n v o lv e  C-I  s t r e t c h i n g  m o t i o n s ,  i n d i c a t i v e  of  
i o n i z a t i o n  of  a sigma bonding  e l e c t r o n .
Three  t r e n d s  become e v i d e n t  in  compar ing t h e  e f f e c t s  of  a l k y l  
s u b s t i t u t i o n .  I n s p e c t i o n  of  t h e  t h e  d a t a  of  T a b l e  1 s u g g e s t s  t h a t  
f i r s t ,  a l l  bands s h i f t  t o  lower e n e r g y ;  s e c o n d ,  a s m a l l ,  but  
c o n s i s t e n t ,  r e d u c t i o n  in  t h e  m agn i tude  of  t h e  s p i n - o r b i t  c o u p l i n g  
o c c u r s ,  as shown in  column 4;  and ,  t h i r d ,  t h e  s h i f t  p roduced  by 
a l k y l  s u b s t i t u t i o n  i s  l a r g e r  f o r  t h e  t h i r d  IP t h a n  f o r  t h e  lower 
o n e s .  (Compare columns 4 and 6 ) .  In t h e  c o r r e s p o n d i n g  r a r e  g a s e s ,  
o f  c o u r s e ,  on ly  t h e  two p-*-e£ i o n i z a t i o n s  t o  t h e  ^ 3 / 2  and 
2 p i / 2  s t a t e s  a r e  p o s s i b l e  i n  t h i s  ene rgy  r a n g e .  F i g u r e  6  
shows t h e  s p e c t r a  of s e v e r a l  a l k y l  i o d i d e s  a l i g n e d  w i t h  r e s p e c t  t o  
t h e i r  l o w e s t  i o n i z a t i o n  p o t e n t i a l .
The f o l l o w i n g  c o n c l u s i o n s  which p l a y  a s u b s t a n t i a l  r o l e  in  t h e  
s e q u e l  can be s t a t e d :
i )  i o n i z a t i o n  t o  t h e  X s t a t e  i n v o lv e s  removal o f  an
e l e c t r o n  of  a ha loge n  nonbonding e l e c t r o n ;  
i i )  i o n i z a t i o n  t o  t h e  A s t a t e  i s  c l e a r l y  a s s o c i a t e d  w i th
t h e  R -  X bond (R = -H,-CH3 ,-CH2 CH3 ,
e t c . ;  X = C l ,  Br ,  I ) .  Th is  has been c o n f i r m e d 1 7
by v i b r a t i o n a l  a n a l y s i s ;
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FIGURE 6 . P h o t o a b s o r p t i o n  s p e c t r a  of  some a l k y l  i o d i d e s ,  a l i g n e d  on 
t h e i r  r e s p e c t i v e  f i r s t  i o n i z a t i o n  p o t e n t i a l s .  The energy  
s c a l e s  below each spe c t rum  a r e  i n  u n i t s  of  t h o u sa n d s  of  
wavenumbers ( c n H )  and t h e  a b s c i s s a  v a r i a b l e  i s  t h e  
e f f e c t i v e  quantum number r e l a t i v e  t o  t h e  f i r s t  
i o n z i z a t i o n  p o t e n t i a l .  Many s e r i e s  l e v e l s ,  which a r e  
u n r e s o l v e d  in t h i s  f i g u r e ,  a c t u a l l y  make up t h e  s ha rp  
bands  t h a t  a p p e a r  t o  c onve rge  on I j .  These l e v e l s  
have been c o m p l e t e l y  r e s o l v e d  a t  high r e s o l u t i o n  and a r e  
t h e  p o i n t s  p l o t t e d  in  F i g u r e  2 .  I t  i s  i m p o r t a n t ,  a l s o ,  
t o  compare t h e  i n t e n s i t y  o f  l e v e l s  a long  a s e r i e s :  in
t h e  ne ighborhood  of  vi = 5 . 8 ,  bands in  t h e  CH3 I and 
CD3 I s p e c t r a  show a s h a rp  d e c r e a s e  i n  o s c i l l a t o r  
s t r e n g t h  which i s  not  t h e  c a s e  f o r  t h e  s p e c t r a  of  o t h e r  
m o le c u le s  shown. Th i s  r e g io n  in  CD3 I i s  shown in  
d e t a i l  in F i g u r e  8 . A l so ,  below ^ = 4 . 0 ,  a weak band,  
fo l l o w e d  by two c l o s e l y - s p a c e d  s h a rp  and i n t e n s e  bands 
can be o b s e rv e d  in  t h e  CH3 I s p e c t r u m .  The weak band 
g a i n s  s i g n i f i c a n t  i n t e n s i t y  and beg in s  t o  o v e r l a p  t h e  
s h a r p e r ,  h i g h - e n e r g y  bands in t h e  o t h e r  i o d i d e s .  All 
t h e s e  bands c o r r e s p o n d  t o  ryd b e rg  s e r i e s  members.
Reasons a r e  p r e s e n t e d  in  t h e  t e x t  t h a t  e x c lu d e  
r y d b e r g - r y d b e r g  i n t e r a c t i o n s  from be in g  t h e  s o l e  cause  of 
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t h e  r e l a t i v e  s h i f t s  of  t h e  X and A s t a t e s  w i l l  
r e a p p e a r  below t h r e s h o l d  as s y s t e m a t i c  s h i f t s  of  t h e  
e l e c t r o n i c a l l y  and v i b r a t i o n a l l y  e x c i t e d  m a n i f o ld s  
t h a t  can be i d e n t i f i e d  by a p p e a l i n g  t o  t h e  s i n g l e  
channel  c o n c e p t .  Th is  i s  o b v i o u s l y  c o r r e c t  on ly  as a 
f i r s t  a p p r o x i m a t i o n ;
u nde r  t h e  a s sum pt ion  of  MO s e p a r a b i 1i t y , t h e  c o u p l i n g  
o f  ryd b e rg  s t a t e s  can be h a n d le d  s e p a r a t e l y  because  
a l l  ryd b e rg  s e r i e s  a r e  c o r r e l a t e d  t o  t h e  a l t e r n a t e  
components  o f  t h e  ground s t a t e  of t h e  m o le c u la r  i o n ,  
X. F u r t h e r m o r e ,  l i t t l e  v i b r a t i o n a l  a c t i v i t y  i s  
a s s o c i a t e d  w i t h  t h e s e  t r a n s i t i o n s ;  
a l l  v a l e n c e  s t a t e s  of  t h e  s im p le  h a l i d e s  can be 
o b t a i n e d ^ l 2 , f rom a c o n s i d e r a t i o n  o f  t h e  s t a t e s  
o f  t h e  n e u t r a l  and i o n i c  d i s s o c i a t i o n  s p e c i e s :  
R(ground s t a t e ,  2 E) + X(2 P, = 3 / 2 , 1 / 2 )  and 
R+ ( 'A )  + X" ( . . . n p 5  l s 0 ) ; 
as  d i s c u s s e d  by M u l l i k e n , 1 2  t h e  (R+ X") 
com plex,  t o  which t h e  V s t a t e s  c o r r e l a t e s  a t  l a r g e  
i n t e r m o l e c u l a r  d i s t a n c e s ,  i s  s t a b i l i z e d  by cou lombic  
a t t r a c t i o n .  C o n s e q u e n t l y ,  d i s s o c i a t i o n  of  t h e  
m o le c u le  due t o  motion a lo n g  t h i s  R-X c o o r d i n a t e  
p r o v i d e s  an a l t e r n a t i v e  f r a g m e n t a t i o n  channel  t h a t  
must  be c o n s i d e r e d  (See F i g u r e  5 ) ;  and,  f i n a l l y ,
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v i i )  t h e  d i s s o c i a t i o n  l i m i t  of t h e  V s t a t e ,  viewed as a 
channe l  t h r e s h o l d ,  can be e s t i m a t e d  from i t s  
r e l a t i o n s h i p  t o  t h e  ion c o re  s t a t e s  ( c f . ,  t h e  
s y s t e m a t i c  s h i f t s  o f  T a b le  I I . ) .
The ene rgy  r e g io n  r e l e v a n t  t o  our  d i s c u s s i o n  i s  j u s t  below t h e  f i r s t  
i o n i z a t i o n  l i m i t ,  in  a r e g i o n  o f  t h e  s p e c t r u m  t h a t  may be t e rm ed  t h e  
q u a s i d i s c r e t e  e l e c t r o n i c  s p e c t r u m :  i n  t h i s  r e g i o n ,  t h e  e x i s t e n c e  of
l o w l y in g  r e p u l s i v e  c u rv e s  means t h a t  d i s s o c i a t i o n  or  p r e d i s s o c i a t i o n  
a r e ,  s t r i c t l y - s p e a k i n g ,  a c c e s s i b l e ,  o r  open ,  c h a n n e l s .
( P r e d i s s o c i a t i o n  r e f e r s  t o  i n d i r e c t  c o u p l i n g  of  t h e  d i s s o c i a t i n g  
s t a t e  t o  t h e  ground s t a t e  v i a  i n i t i a l  e x c i t a t i o n  t o  a bound s t a t e . )
The V s t a t e  c o r r e l a t e s  t o  t h e  A s t a t e  of  t h e  ion and a compar ison  
o f  t h e  r e l a t i v e  s h i f t s  of  o r b i t a l  e n e r g i e s  o f  t h e  ground and e x c i t e d  
s t a t e s  of  t h e  ion c o re  w i th  r e s p e c t  t o  a l k y l  s u b s t i t u t i o n  g ives  
p r e d i c t i v e  i n f o r m a t i o n  on bo th  t h e  r e l a t i v e  p o s i t i o n s  of  t h e  ryd b e rg  
l e v e l s  below t h r e s h o l d  and t h e  d i s s o c i a t i o n  e ne rgy  of  t h e  V s t a t e .
Thus ,  knowledge of  t h e  i n t e r n a l  and k i n e t i c  e n e r g i e s  of  t h e  
d i s s o c i a t e d  f r a g m e n t s  r e l a t i v e  t o  t h e  m o l e c u l a r  ground s t a t e  of  t h e  
m o l e c u l e ,  t h e  e x c i t e d  s t a t e s  and t h e  ion i s  r e q u i r e d  t o  s o r t  ou t  t h e  
c o m p le te  dynamics of  t h e  p rob lem  in t h i s  s p e c t r a l  r a n g e .  The cu rv e s  
in  F i g u r e  5 a r e  q u a l i t a t i v e  and m ere ly  s e r v e  t o  p o i n t  ou t  major  
d i f f e r e n c e s  r e g a r d i n g  t h e  s h a p es  of  t h e  V s t a t e  p o t e n t i a l  cu rv e s  
which can be e s t i m a t e d  from s p e c t r o s c o p i c  d a t a .  The t r e n d  
i l l u s t r a t e d  in  t h e  f i g u r e  e x p r e s s e s  t h e  f a c t  t h a t  i o n i c  
d i s s o c i a t i o n ,  which becomes r a p i d l y  cou lombic  beyond a few
TABLE I I .  E m p i r i c a l  and  c a l c u l a t e d  d i s s o c i a t i o n  l i m i t s  o f
t h e  bound v a l e n c e  s t a t e  V in  s e v e r a l  a l k y l  h a l i d e s .
IP3a )  D1 (V)b) D2 (V)c )
CH3 I 1 2 .5  9 . 2  9.1  -  9 . 2
C2 H5 I 11 .6  8 . 3  7 . 7  -  8 .1
-C3 H7 I 1 1 .4  8.1  7 . 4  -  7 . 6
-C4 Hg I 11 .27  7 . 9  ( 8 )
a )  The t h i r d  i o n i z a t i o n  p o t e n t i a l  o f  t h e  m o l e c u l e .  
From column 5 ,  T a b le  I .
b) D^(V) = I P 3 - c o n s t a n t .  The c o n s t a n t  h e r e  
i s  26700cm"^ , d e t e r m i n e d  by f i t t i n g  d a t a  
f o r  CH^I. See t e x t  f o r  d i s c u s s i o n .
c )  D2 (V) = I P ( R) + EA (I ) + D ( R I ) .  R e f e r  t o
e q u a t i o n  4 o f  t h i s  C h a p t e r  f o r  d e t a i l s .  La rge  
u n c e r t a i n t i e s  e x i s t  f o r  t h e s e  v a l u e s  which were 
t a k e n  f rom a v a r i e t y  o f  s o u r c e s .  Only t h e  
CH3 I d a t a  i s  e n t i r e l y  c o n s i s t e n t .
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FIGURE 7 .  P h o t o a b s o r p t i o n  s p e c t r a  of  some a l k y l  i o d i d e s ,  a l i g n e d  a t  
t h e  c a l c u l a t e d  d i s s o c i a t i o n  l i m i t  of  t h e  bound v a le n c e  
s t a t e ,  V. The ene rgy  s c a l e s  below each s p e c t ru m  a r e  in  
u n i t s  of t h o u sa n d s  o f  wavenumbers(cm"^) .  Breaks in 
t h e  s p e c t r a l  c u rv e s  c o r r e s p o n d  t o  s l i g h t l y  d i f f e r e n t  
e x p e r i m e n t a l  measurement  c o n d i t i o n s .  The b a s e l i n e  i s  
i n d i c a t e d  by t h e  dashed  l i n e .  A com pa r i son  of  c e r t a i n  
r y d b e r g  s e r i e s  members , t h e  bands marked ( a ) , ( b ) , ( c )  and 
( d ) ;  f o r  example ,  undergo  s i g n i f i c a n t  changes in  
i n t e n s i t y  upon a l k y l  s u b s t i t u t i o n .  The d i s t r i b u t i o n  of 
t h e  u n d e r l y i n g  o s c i l l a t o r  s t r e n g t h  d e n s i t y ,  d f / d E ,  t h e  
v a r i a t i o n s  of  which we a t t r i b u t e  e n t i r e l y  t o  t h e  V s t a t e ,  
f o l l o w s  t h e  p a t t e r n  shown a t  t h e  bo t tom of  t h e  f i g u r e .  
From t h e s e  o b s e r v a t i o n s  and t h e  d a t a  of  T a b l e  I I ,  we can 
c o n s t r u c t  t h e  a p p ro x im a te  shapes  of  t h e  p o t e n t i a l  cu rves  
g iv e n  in  F i g u r e  5.  Moreover ,  from t h e s e  o b s e r v a t i o n s ,  we 
can c o n n e c t  t h i s  p e r t u r b e d  r e g io n  d i r e c t l y  t o  t h e  
d i s s o c i a t i o n  l i m i t  of  t h e  V s t a t e ,  which has been l a b e l e d  
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m o l e c u l a r  r a d i i  in  t h e  hydrogen  h a l i d e s ,  i s  s i g n i f i c a n t l y  tempered  
in  t h e  a lk y l  h a l i d e s  by a d d i t i o n a l  f o r c e s  which a r e  p r e s e n t  because  
t h e  p o s i t i v e  ion i s  not  p u r e l y  p r o t o n i c .  C o n c u r re n t  w i th  a 
s o f t e n i n g  o f  t h e  p o t e n t i a l  w e l l ,  t h e r e  i s  a l s o  a g radua l  d e c r e a s e  in  
t h e  ene rgy  of  t h e  d i s s o c i a t i o n  l i m i t  of  t h e  V s t a t e  as t h e  a l k y l  
c h a in  i n c r e a s e s .  A m ajo r  o b s e r v a t i o n ,  which w i l l  be i m p o r t a n t  a t  a 
l a t e r  s t a g e  of  t h i s  work,  i s  t h a t  t h e  rydberg  l e v e l s  o v e r l a p  t h i s  
d i s s o c i a t i o n  l i m i t  in  t h e  a l k y l  h a l i d e s  whereas  t h i s  l i m i t  l i e s  
above t h e  f i r s t  i o n i z a t i o n  t h r e s h o l d  in  t h e  hydrogen  h a l i d e s .  This  
o v e r l a p  o c c u r s  in  a r e g i o n  of  t h e  a b s o r p t i o n  s p e c t r a  of  a l l  a l k y l  
h a l i d e s  where t h e  p o s i t i o n s  of  r y d b e r g  s e r i e s  l e v e l s  and t h e i r  
i n t e n s i t i e s  a p p e a r  p e r t u r b e d ,  though  s p e c t r a  of  s u f f i c i e n t  
r e s o l u t i o n  t o  p e rm i t  e q u a l l y - d e t a i l e d  a n a l y s e s  of  h a l i d e s  o t h e r  than  
CH3 I have not  y e t  become a v a i l a b l e .  Th i s  f e a t u r e  i s  shown in 
F i g u r e  7 and d i s c u s s e d  in  t h e  nex t  s e c t i o n .  An a d d i t i o n a l  a s p e c t  of  
t h i s  prob lem must a l s o  be e m pha s ize d :  t h e  s u r p r i s i n g  p a u c i t y  of
v i b r a t i o n a l  a c t i v i t y  in  t h e  s p e c t r u m  of  CH3 I .  In d ee d ,  even in  
t h e  e th y l  and h i g h e r  d e r i v a t i v e s  which a r e  of  Cs symmetry and 
l e s s  r i g i d ,  i t  i s  t h e  e l e c t r o n i c  o r i g i n s  of  rydberg  l e v e l s  t h a t  a re  
most i n t e n s e .  An i n c r e a s e d  b r o a d e n in g  i s  a p p a r e n t ,  bu t  even when 
o b s e r v e d ,  v i b r a t i o n a l  p r o g r e s s i o n s  remain weak in  a l l  c a s e s .  Th is  
i s  u n d o u b te d ly  an e f f e c t  of  p r e d i s s o c i a t i o n  t o  p u r e l y  r e p u l s i v e  
s t a t e s  w h ich ,  w h i l e  an i m p o r t a n t  s p e c t r o s c o p i c  f e a t u r e ,  i s  not  
d i r e c t l y  of  c oncern  h e r e .
63
B. MULTICHANNEL COUPLING OF MOLECULAR RYDBERG STATES.
In what  remains of  t h i s  s e c t i o n ,  we w i l l  r e s t r i c t  o u r s e l v e s  t o  
a d i s c u s s i o n  of  t h e  rydberg  channel  c o u p l i n g  p rob lem .
The f i n a l  s t a t e  d e s c r i p t i o n ,  c o r r e s p o n d i n g  t o  t h e  o r b i t a l  
e l e c t r o n  p l u s  t h e  ion c o r e ,  i s  a p p r o p r i a t e l y  d e s c r i b e d  in  ( j e ,
«) c o u p l i n g ,  t h e  r o t a t i o n a l  ene rgy  l e v e l s  of  t h e  c o re  be ing  
n e g l e c t e d .  As b e f o r e ,  j e i s  t h e  t o t a l  a n g u l a r  momentum of  t h e  
e l e c t r o n  and ft i s  t h e  c o re  momentum p r o j e c t i o n  on t h e  p r i n c i p a l  
m o l e c u l a r  a x i s .  From t h i s  c o u p l i n g  l i m i t  a r i s e s  t h e  c onc ep t  of  what  
we w i l l  c a l l  a " rydbe rg  m u l t i p l e t "  w h i c h ,  i t  s h ou ld  be n o t e d ,  
e x p r e s s e s  not  j u s t  t h e  r e g u l a r i t y  of  i n d i v i d u a l  s e r i e s  but  a l s o  
em phas izes  t h e  f a c t  t h a t  t h e  o r t h o g o n a l i t y  of  r y d b e rg  o r b i t a l s ,  even 
in  p o l y a t o m i c  m o l e c u l e s ,  i s  a c h ie v e d  by add in g  one a d d i t i o n a l  node 
p e r  u n i t  e f f e c t i v e  quantum number.  The c o n c e p t  of  r y d b e r g  
m u l t i p l e t s  a r e  more f u l l y  d i s c u s s e d  in  Appendix I I .
The p h o t o a b s o r p t i o n  s p e c t r u m ,  F i g u r e  8 , shows a rydberg  
m u l t i p l e t  whose components  can be c l e a r l y  d i s c e r n e d .  The lower 
ene rgy  s e t  c o n t a i n s  members of  s e r i e s  which conve rge  t o  t h e  f i r s t  
Th i s  p h o t o a b s o r p t i o n  s p e c t r u m ,  F i g u r e  8 , shows a rydberg  
m u l t i p l e t  whose components  can be c l e a r l y  d i s c e r n e d .  The lower 
e n e rg y  s e t  c o n t a i n s  members of  s e r i e s  which conve rge  t o  t h e  f i r s t  
i o n i z a t i o n  p o t e n t i a l ,  I]  = 76930citH  , which i s  a s s o c i a t e d  
w i t h  t h e  ^ = 3 / 2  c o r e  component ,  whereas  t h e  h i g h e r  energy  s e t  
c o n t a i n s  members c o n v e rg i n g  t o  Ig  = 81980cm’ l ,  which i s  
a s s o c i a t e d  w i t h  t h e  ^ = 1 / 2  c o r e  s e t .  Members o f  s e r i e s  t h a t  r e l a t e
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FIGURE 8 . The p h o t o a b s o r p t i o n  s p e c t r u m  of  CD3 I i n  t h e  ene rgy
r e g i o n  below t h e  f i r s t  i o n i z a t i o n  p o t e n t i a l  and i n c l u d i n g  
t h e  f i r s t  p r e i o n i z i n g  band s y s te m .  The two s e t s  of  
r y d b e r g  s e r i e s  l e v e l s ,  which we r e f e r  t o  as " ry d b e r g  
m u l t i p l e t s " ,  a r e  n e a r l y  i d e n t i c a l  i n  r e l a t i v e  o r d e r i n g ,  
i n t e n s i t y  and b a n d s h a p e .  Each m u l t i p l e t  i s  made up of  
s e r i e s  members c o n v e rg i n g  on t h e  a l t e r n a t e  ground s t a t e  
io n  c o re  s t a t e s ,  ^ = 3 / 2  and 1 / 2 .  The lower  energy  
component i s  i d e n t i f i e d  as  t h e  ( c )  band in  F i g u r e  7 .  The 
h o r i z o n t a l  dashed  l i n e  in  t h e  lower p o r t i o n  of t h e  f i g u r e  
i n d i c a t e s  t h e  p e r t u r b e d  r e g i o n  t h a t  i s  s i m i l a r l y  
d i s t i n g u i s h e d  in  F i g u r e s  2 and 9 .  This  r e g i o n  i n c l u d e s  
d i s c r e t e  p e r t u r b i n g  l e v e l s  and ,  in a d d i t i o n ,  t h e  s t r o n g l y  
a t t e n u a t e d  m u l t i p l e t  l o c a t e d  j u s t  below 74000cm” ^ .
T h i s  m u l t i p l e t  i s  i d e n t i f i e d  as t h e  (d )  band in  F i g u r e  7.
For  a d i s c u s s i o n  of  t h e  c o n c e p t  of  r ydbe rg  m u l t i p l e t s ,  
s e e  Appendix I I .
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t o  t h e  lower  i o n i z a t i o n  p o t e n t i a l  can be l o c a t e d  in  t h e  f i g u r e  a t  
e n e r g i e s  o f  rou g h ly  72200 ,  73800,  74800,  75100 ,  75500cm"1 a n d ,  
t h e r e a f t e r ,  a t  r e g u l a r  s e r i e s  s p a c i n g s  a l l  t h e  way up t o  I ] .
I n d e e d ,  some s e r i e s  members in  CH3 I have been fo l l o w e d  t o  n = 30 
and g r e a t e r .  The n e a r l y  i d e n t i c a l  s ha pe  of  t h e  band e n v e l o p e s  of 
t h e  two m u l t i p l e t  components  shown in  F i g u r e  8  i s  u n m i s t a k a b l y  due 
t o  p r e d i s s o c i a t i o n  of some of  t h e  lower members and p r e i o n i z a t i o n  of  
some of t h e  uppe r  o n e s .  R e c a l l  t h a t  t h e s e  p r o c e s s e s  r e p r e s e n t  
c o u p l i n g  of  c lo s e d  and open c h a n n e l s ,  o r  e q u i v a l e n t l y ,  bound and 
con t inuum s t a t e s .  C o n s e q u e n t l y ,  t h e  c h a r a c t e r i s t i c a l l y  a symm etr ic  
B e u t l e r - F a n o  p r o f i l e s  a r e  t h u s  r a t i o n a l i z e d .  The ene rgy  i n t e r v a l  
i n d i c a t e d  by t h e  h o r i z o n t a l  dashed  l i n e  in  t h e  lower p o r t i o n  of  
F i g u r e  8  i s  more i m p o r t a n t  t o  t h i s  d i s c u s s i o n ,  however .  The pr imed 
l e v e l s  a p p e a r i n g  a t  e n e r g i e s  i n t e r m e d i a t e  t o  t h e  uppe r  and lower  
m u l t i p l e t  components  a r e  t h e  n - 1  members of  s e r i e s  c o n v e r g i n g  on 
12 ' t h e  nth members of  t h e s e  s e r i e s  c om pr i se  t h e  upper  
component  c e n t e r e d  a t  77200 cm"1-. These p e r t u r b e r s  ( 6 d ‘ , 6 d ‘ ,
7 p ‘ , 7p 1 and 8 s 1) a l t e r  t h e  p o s i t i o n s  of c l o s e - l y i n g  s e r i e s  members
which conve rge  on I ] .  Th i s  r y d b e r g - r y d b e r g  c o u p l i n g  can be
f u l l y  d e s c r i b e d  in  t h e  MQDT f o rm a l i s m  deve loped  by Lu f o r  a to m s .  I t
i s  a we l l -known c h a r a c t e r i s t i c  of  r y d b e rg  s e r i e s ,  c l e a r l y  e v id e n t
in  F i g u r e  8  f o r  t h o s e  bands between 75500cm"1 and I j ,  t h a t
t h e  o s c i l l a t o r  s t r e n g t h  d e c r e a s e s  as a f u n c t i o n  of  i n c r e a s i n g  n.
For  t h e  h y d r o g e n i c  s i t u a t i o n ,  i t  i s  g iven  by t h e  f o l l o w i n g  
p r o p o r t i o n a l i t y :
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d f / d n  « n” 3.  ( 1 )
The i n t e n s i t y  of  t h e  m u l t i p l e t  j u s t  below 74000cm"^ i s  
s i g n i f i c a n t l y  l e s s  t h a n  e x p e c t e d  based  on t h i s  r u l e .  ( O b v i o u s l y ,  i t  
i s  t h e  o s c i l l a t o r  s t r e n g t h  d e n s i t y  d f / d E ,  t h a t  i s  be ing  compared 
h e r e ;  however ,  s i n c e  ry d b e r g s  a r e  viewed h e re  as p e r f e c t l y  sha rp  
t r a n s i t i o n s ,  t h e  usage  of  t h e  fo rm er  q u a n t i t y  i s  j u s t i f i e d . )  I t  has 
been no ted  e a r l i e r  i n  t h i s  s e c t i o n  t h a t  t h i s  a f f e c t e d  r e g i o n  i s  
o b s e rv e d  in  a l l  a l k y l  h a l i d e  s p e c t r a  we have examined ( c f . ,  F i g u r e  
7) .
We w i l l  now d e m o n s t r a t e  t h a t  t h i s  i n t e n s i t y  anomaly cannot  
a r i s e  f rom i n t e r a c t i o n s  w i th  t h e  p e r t u r b e r s  ( i . e . ,  t h a t  i t  i s  not  
due t o  r y d b e r g - r y d b e r g  i n t e r a c t i o n s )  and must t h e r e f o r e  r e s u l t  from 
r y d b e r g - v a l e n c e  i n t e r a c t i o n s .  To show t h i s ,  a s o l u t i o n  of  t h e  
channel  i n t e r a c t i o n  m a t r i x  i s  a t t e m p t e d  by a d a p t i n g  t h e  Lu-Fano 
g r a p h i c a l  p r o c e d u r e  t o  t h e  m o le c u la r  r ydbe rg  p rob lem .
The q u a l i t a t i v e  s o l u t i o n  i s  c o n ta i n e d  in  F i g u r e s  2 and 9 .
F i g u re  2 ,  s t r i c t l y  s p e a k i n g ,  i s  not  a Lu-Fano p l o t  bu t  r e p r e s e n t s  
i n s t e a d  t h e  more f a m i l i a r  s i n g l e - c h a n n e l  s e r i e s  c l a s s i f i c a t i o n .
Below v a l u e s  of  t h e  e f f e c t i v e  quantum number V2 <3 . 2 , ( i e . ,  t h e  
a b s c i s s a  v a r i a b l e )  t h e  a s s i g n m e n t s  a r e  t e n t a t i v e  f o r  a l l  bu t  a few 
s e r i e s  members.  The u n c e r t a i n t y  i s  due t o  t h e  f a c t  t h a t ,  below t h i s  
v a l u e ,  t h e  a c t u a l  c o u p l i n g  scheme i s  not  p u r e l y  ( j e ,n )  a s  i t  
c l e a r l y  i s  f o r  t h e  ryd b e rg  m u l t i p l e t  of  F i g u re  8  and i s  m a n i f e s t e d  
in  t h e  s t r i k i n g  c o n s t a n c y  a t  high  n in  F i g u r e  2.  In f a c t ,  in  t h i s  
lower  ene rgy  r e g i o n ,  an i n t e r m e d i a t e  c o u p l i n g  s i t u a t i o n ,  where
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n e i t h e r  ( j e ,5 )  n o r  ( n . i ^ J e ;  A,S) c o u p l i n g  schemes 
d e s c r i b e  t h e  sys tem  very  w e l l ,  o b t a i n s .  MQDT p r o v i d e s  some 
i n f o r m a t i o n  on t h e  a p p r o p r i a t e  t r a n s f o r m a t i o n  but  a j o i n t  e f f o r t  
u s i n g  s t a n d a r d  methods such as v i b r a t i o n a l  a n a l y s e s  and compar isons  
w i t h  t h e  r o t a t i o n a l l y  a n a l y z e d  s p e c t r a  of  HX w i l l  be r e q u i r e d  t o  
make d e f i n i t i v e  a s s i g n m e n t s  and e s t a b l i s h  c o n s i s t e n c y .  We w i l l  be 
s a t i s f i e d  w i t h  u n r a v e l i n g  t h e  s p e c t r u m  a t  h i g h e r  e n e r g i e s ,  \>£>
3 . 2  i n  t h e  f o l l o w i n g .
In F i g u r e  2 ,  t h e  a s s o c i a t i o n  of  e l e c t r o n  a n g u l a r  momentum 
quantum numbers ,  &e and j e , w i th  p a r t i c u l a r  s e r i e s  i s  
m e a n i n g le s s  in  a m u l t i c h a n n e l  scheme y e t  t h i s  a s s o c i a t i o n  remains 
u s e f u l  when c o n t a c t  w i th  t h e  l i n e a r  c o r r e l a t i o n  methods o f  Wang i s  
made. The c o m p l i c a t e d  s p e c t r a l  r e g i o n ,  seen  in  F i g u r e  2 and F i g u r e  
8 , i s  i n d i c a t e d  by t h e  h o r i z o n t a l  da shed  l i n e  and t h e  p e r t u r b e r s  a r e  
a l s o  m arked.  As a g e n e r a l i z a t i o n  of  t h e  s o l u t i o n  of  channel  mixing 
i n  Xe, t h e  MQDT s o l u t i o n  d e v o lv e s  on e x p r e s s i n g  t h e  e l e c t r o n i c  BOA 
w a v e f u n c t io n  in  i t s  a s y m p t o t i c  form and s e t t i n g  t h e  c o e f f i c i e n t s  of  
t h e  e x p o n e n t i a l l y  r i s i n g  component  t o  z e r o ,  in c o n f o r m i t y  w i th  t h e  
normal  boundary  c o n d i t i o n  f o r  d i s c r e t e  s t a t e s .  Th is  s o l u t i o n  of  a 
s y s te m  of  l i n e a r  a l g e b r a i c  e q u a t i o n s ,  y i e l d s  an a n a l y t i c a l  
e x p r e s s i o n  f o r  t h e  e f f e c t i v e  quantum number as  a f u n c t i o n  of 
V2  and t h e  p a r a m e t e r s  pa , l).ja
v i  = \£ (V 2 ; d e t | F i a ( i ia , Ui a ) | )  (2)
w h ic h ,  when p l o t t e d  w i t h  t h e  e ne rgy  c o n s t r a i n t  r e l a t i o n s h i p
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vj ,  = v 2 C l - R - 1 ( I 2 - I i ) v | ] “ i  ( 3 )
g i v e s  bound s t a t e s  a t  t h e  i n t e r s e c t i o n  of  t h e  two c u r v e s .
A p l o t  of  v-| v s .  x>2 i s  most e a s i l y  i n t e r p r e t e d  in  t h e  
e n e r g y - i n d e p e n d e n t  format  o f  F i g u r e  1. The p e r i o d i c i t y  of  t h e  
a n a l y t i c a l  c u r v e ,  i e . ,  t h e  s o l u t i o n  of  t h e  d e t e r m i n e n t  in  e q u a t i o n  
2 , p e r  u n i t  e f f e c t i v e  quantum number,  can be t r a c e d  c o n t i n u o u s l y  
from f a i r l y  c o n s t a n t  v-j v a l u e s  t o  r a p i d  jumps c o r r e s p o n d i n g  to  
t h e  l o c a t i o n  of  p e r t u r b i n g  V2  channel  members,  w i th  a g radua l  
r e t u r n  t o  c o n s t a n c y .  I f  one c o n s i d e r s  two n o n i n t e r a c t i n g  c h a n n e l s  
c o n v e r g i n g  on d i f f e r e n t  i o n i z a t i o n  l i m i t s ,  t h e  r e s u l t  would be a 
graph  composed of  one h o r i z o n t a l  and one v e r t i c a l  l i n e .  The 
p o s i t i o n s  of  t h e s e  l i n e s  would depend on t h e  v a l u e ,  modulo 1 , o f  t h e  
quantum d e f e c t ,  d e t e r m i n e d  by t h e  i n t e r s e c t i o n  of  t h e s e  l i n e s  w i th  
t h e  d i a g o n a l  l i n e  in F i g u r e  1.  The c o u p l i n g  m a t r i x ,  U-j i s  
o b v i o u s l y  d i a g o n a l  and t h e  e ig e n c h a n n e l  d e s c r i p t i o n  e x a c t .  A s i n g l e  
c o u p l i n g  scheme s u f f i c e s  and so a  and i a r e  i d e n t i c a l .  For  two 
i n t e r a c t i n g  c h a n n e l s ,  t h e  l i n e s  do not  i n t e r s e c t  but  form a s i n g l e ,  
c o n t i n u o u s  c u r v e .  The a  and i channel  d e s c r i p t i o n s  a r e  now c l e a r l y  
l i n e a r l y  r e l a t e d  t o  one a n o t h e r  and t h e  mixing s t r e n g t h  of  t h e s e  
c h a n n e l s  i s  r e l a t e d  t o  t h e  nond iagona l  e l e m e n t s  of  U-ja . The s e t  
o f  p a r a m e t e r s  in  t h e  e q u a t i o n ,  ua  and U-ja , a r e  v a r i e d  and a b e s t  
f i t  t o  t h e  e x p e r i m e n t a l  d a t a  i s  o b t a i n e d  by t r i a l  and e r r o r .  This  
method of  s o l u t i o n  i s  c l e a r l y  i n t r a c t a b l e  f o r  a l a r g e  number of  
c h a n n e l s ,  e s p e c i a l l y  when t h e  e i g e n v e c t o r s  and e i g e n v a l u e s
of  t h e  i n t e r a c t i o n  m a t r i x ,  K j j ,  a r e  not  even a p p r o x i m a t e l y  
known. We may say t h a t  t h i s  i s  t h e  e s s e n t i a l  d i f f e r e n c e  between 
a to m ic  and m o l e c u l a r  p ro b le m s .  Some method of  s u c c e s s i v e  
a p p r o x i m a t i o n  i s  i n d i c a t e d :  Lu a pp roached  t h e  a tom ic  channel
c o u p l i n g  by i n i t i a l l y  assuming t h a t  s - d  c o u p l i n g  c o u ld  be n e g l e c t e d  
o r  e q u i v a l e n t l y ,  t h a t  t h e  m a t r i x  f a c t o r e d  i n t o  a d i r e c t  sum o f  
He  c om ponen t s .  He based t h i s  approach  on t h e  f a c t  t h a t  t h e  pu re  
( L S / j j )  t r a n s f o r m a t i o n  i s  r i g o r o u s l y  of  t h i s  form ( c f .  t h e  p a p e r  of 
Lee and Lu^8 ) .  Th is  p loy f a i l e d  c o m p l e t e l y  when i t  was t r i e d  on 
t h e  p r e s e n t  d a t a .  R a th e r  t h a n  f a c t o r  a c c o r d i n g  t o  &e , i t  has 
become c l e a r  t h a t  t h e r e  i s  s i g n i f i c a n t  c o u p l i n g  between c h a n n e l s  
w i th  t h e  same j e im p ly in g  t h a t  t h e r e  a r e  n o n - n e g l e c t a b l e ,  
n o nd iagona l  e l e m en t s  in  t h e  i n t e r a c t i o n  m a t r i x  which depend on s p in  
F i g u r e  9 shows t h i s  f a c t o r i z a t i o n  f o r  j e = 1 / 2  and 3 / 2 .  The to p  
p a r t  of  f i g u r e  9 i n d i c a t e s  t h e i r  mutual  i n t e r a c t i o n .  Note 
e s p e c i a l l y  t h a t  t h i s  i s  p r e c i s e l y  t h e  r e g i o n  de no te d  as s t r o n g l y  
p e r t u r b e d  in  F i g u r e s  2 and 8 . Now, i t  may be a rgue d  t h a t  t h e  
p r e s e n c e  of  t h e  rydberg  i n t e r l o p e r s  i s  s u f f i c i e n t  t o  c a u se  t h e s e  
p e r t u r b a t i o n s .  Th i s  i s  not  t h e  c a s e  f o r  t h e  f o l l o w i n g  r e a s o n s :
i )  s p i n  i n t e r a c t i o n s  i n  a tom ic  ryd b e rg  s t a t e s ,  and in  
p a r t i c u l a r  f o r  Xe, a r e  u n i m p o r t a n t .  In f a c t ,  t h e  
s p i n - o r b i t  c o u p l i n g  c o n s t a n t  f o r  Xe i s  abou t  t w i c e  as 
l a r g e  as f o r  CH3 I so  t h a t ,  w h a te v e r  t h e  u n d e r l y i n g
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FIGURE 9 .  Lu-Fano p l o t s  f o r  j e = 1 / 2  and 3 / 2  c h a n n e l s  and t h e i r
f i r s t - o r d e r  c o u p l i n g .  N o t a t i o n  and fo rm a t  i s  e x a c t l y  as 
i n  F i g u r e  2 .  The p e r t u r b e d  r e g i o n  i s  marked by t h e  
h o r i z o n t a l  dashed  l i n e s .  The p e r t u r b e r s  in  t h a t  r eg io n  
can  be o b s e rv e d  in  F i g u r e  8 . These c u r v e s ,  u n l i k e  t h o s e  
i n  F i g u r e  1, a r e  not  t h e  r e s u l t  of  num er ica l  f i t t i n g .
They a r e  hand-drawn b e c a u s e  t h e  e f f e c t i v e  quantum numbers 
o f  t h e  d a t a  p o i n t s  in  t h e  p e r t u r b e d  r e g i o n  have 
a d d i t i o n a l  p h a s e s h i f t s  ( i . e . ,  t h e y  a r e  s h i f t e d  t o  
e n e r g i e s  h i g h e r  t h a n  would be c o n s i s t e n t  s o l e l y  w i th  
r y d b e r g - r y d b e r g  i n t e r a c t i o n s )  w h ic h ,  can on ly  be 
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c a u s e  of  t h i s  m o le c u la r  p e r t u r b a t i o n ,  i t  has no d i r e c t  
a to m ic  a n a l o g ;
i i )  t h e  r e s i d u a l  n e g a t i v e  s l o p e s  t h a t  a r e  o b se rve d  in  t h e  
upperm os t  p l o t  of  F i g u r e  9 a r e  not  a r t i f a c t s  of  t h e  
p r o c e d u r e  w i th  t h e  e x c e p t i o n  t h a t  t h e  m u l t i ­
d i m e n s io n a l  prob lem has been p r o j e c t e d  on to  a 
t w o - l i m i t  one .  An a c t u a l  t w o - l i m i t  p rob lem does not  
admi t  n e g a t i v e  s l o p e s ,  a p o i n t  t h a t  has been d i s c u s s e d  
i n  R e f e r e n c e  2;  and ,  
i i i )  i n t e n s i t y  v a r i a t i o n s  o f  t h e  ry d b e rg s  bands in  t h i s
s p e c t r a l  r e g i o n  a r e  i n c o n s i s t e n t  w i th  r y d b e r g - r y d b e r g  
c o u p l i n g  o r  o v e r l a p ,  as we have m ent ioned  above .
T h e r e f o r e ,  in  o r d e r  t o  c a l c u l a t e  t h e  QDT p a r a m e t e r s ,  a 
p r o c e d u r e  t h a t  s u b r a c t s  ou t  t h e s e  nonrydberg  c o n t r i b u t i o n s  t o  t h e  
phase  s h i f t s  i s  n eeded .  Pe rhaps  more i m p o r t a n t l y ,  t h e  n a t u r e  of  
t h e s e  i n t e r a c t i o n s  must be d e t e r m i n e d .
I I I .  RYDBERG-VALENCE APPROACH
Let us now r e c a l l  t h e  main p o i n t s  made in  p r e v i o u s  s e c t i o n s .  
These  a r e ,  in  p a r t ,  summarized in  F i g u r e  10.  They a r e :
—  The e l e c t r o n i c  t r a n s i t i o n s  of  t h e  a l k y l  h a l i d e s  r esem b le  t h o s e  
o f  t h e  hydrogen h a l i d e s  and t h e  r a r e  g a ses  i n  t h a t  t r a n s i t i o n s  o f  
r y d b e r g - t y p e  a r e  p r e d o m i n a n t .  Th i s  s u g g e s t s  t h a t  a t w o - l i m i t  MQDT 
approach  s h o u ld  p r o v i d e  a good f i r s t  a p p r o x i m a t i o n ,  i t  b e ing  th o u g h t  
t h a t  v i b r o n i c  mix ing  ought  t o  be e n e r g e t i c a l l y  l o c a l i z e d  and not  
c a u s a t i v e  of  p e r t u r b a t i o n s  t o  s e q u e n t i a l  s e r i e s  members.
—  A n a l y s i s  of  t h e  d a t a  f o r  CH3 I by MQDT methods l e a d s  t o  t h e  
c o n c l u s i o n  t h a t  t h e  r ydbe rg  l e v e l s  of  t h i s  m o le c u le  a r e  s t r o n g l y  
p e r t u r b e d  ove r  a s i g n i f i c a n t  energy  range  bo th  w i th  r e s p e c t  t o  band 
en e rg y  and s h a p e .  Th is  shows up,  a t  f i r s t  g l a n c e  anyway, as a 
r e g i o n  of  i n t e n s i t y  a t t e n u a t i o n .  A t tem p ts  t o  u n d e r s t a n d  t h e  major 
c h a n n e l - c o u p l i n g  e f f e c t s  s u g g e s t  t h a t  t h i s  phenomenon i s  s t r o n g l y  
s p i n  d e p e n d e n t ,  w i th  t h e  l a r g e s t  e f f e c t s  o c c u r r i n g  in  t h e  lowes t
j e c h a n n e l s .
—  The r e g i o n  of  i n t e n s i t y  a t t e n u a t i o n  has been seen  in  o t h e r  a lk y l  
h a l i d e s  and i t  c o r r e l a t e s  wel l  w i th  p h o t o i o n i z a t i o n  t o  t h e  e x c i t e d  
ion  c o re  s t a t e ,  A^S. Because  of  t h e  r e l a t i o n s h i p  between t h i s
ion s t a t e  and t h e  V'Z+ v a l e n c e  s t a t e  and b e c au s e  t h e  
d i s s o c i a t i o n  l i m i t  of  t h e  V s t a t e  o c c u r s  in  t h e  a p p r o p r i a t e  s p e c t r a l  
r e g i o n ,  i t  seems r e a s o n a b l e  t o  i n t e r p r e t  t h e s e  phenomena as a 
m a n i f e s t a t i o n  of  r y d b e r g - v a l e n c e  m ix in g ,  t h e  e f f e c t s  of  which a r e  
small  e x c e p t  in  t h e  imm edia te  v i c i n i t y  of t h e  V d i s s o c i a t i o n  l i m i t .
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FIGURE 10.  Summary of  e l e c t r o n i c a l l y  e x c i t e d  s t a t e s ,  c o l l i s i o n
c h a n n e l s  and i m p o r t a n t  d i s c r e t e - c o n t i n u u m  i n t e r a c t i o n s  
f o r  t h e  s im p le  h a l i d e s .  O r b i t a l  symmetry l a b e l s  
a p p r o p r i a t e  f o r  l i n e a r  m o le c u le s  a r e  used t o  i d e n t i f y  
t r a n s i t i o n s  between  ground and e x c i t e d  s t a t e  
c o n f i g u r a t i o n s .  The s t a t e s  t h a t  a r i s e  f rom t h e s e  
c o n f i g u r a t i o n s  can be i )  p u r e l y  r e p u l s i v e  ( t h o s e  deno ted  
Q and T ) ; i i )  r y d b e r g  (Ryl and Ry2 c o n v e r g i n g  on t h e  
a l t e r n a t e  ion c o r e s  ^  =3/2 and = 1 /2 ,  r e s p e c t i v e l y ) ;  o r ,
i i i )  bound ( t h e  v a l e n c e  s t a t e  V) where t h e  v i b r a t i o n a l  
m a n i f o ld  v -* v '  i n d i c a t e s  a s u b s t a n t i a l  change  in  
n u c l e a r  geomet ry from ground t o  e x c i t e d  s t a t e .  As an 
exam ple ,  t h e  t h r e e ,  c l o s e - l y i n g  t h r e s h o l d  e n e r g i e s  f o r  
p h o t o i o n i z a t i o n  and p h o t o d i s s o c i a t i o n  a r e  l i s t e d  a t  t h e  
bo t tom  of  t h e  f i g u r e  f o r  CH3 I .  D i s c r e t e - c o n t i n u u m  
i n t e r a c t i o n s  a r e  r e p r e s e n t e d  by p r o c e s s e s  ( a )  t h r o u g h  
( d ) ,  where ( a )  r e f e r s  t o  p r e d i s s o c i a t i o n ;  (b )  t o  
r a d i a t i o n l e s s  t r a n s i t i o n s  t o  t h e  v i b r a t i o n a l  m a n i f o ld  of 
t h e  V s t a t e  f o r  E<74100cm"1 ? ( c ) r e f e r s  t o  
p r e d i s s o c i a t i o n  t o  t h e  i o n - p a i r  complex R+ + X", 
f o r  E>74100cm_V; and (d)  t o  p r e i o n i z a t i o n  t o  t h e  Ryl 
i o n i z a t i o n  c o n t i n u a  f o r  E> I] = 76930cm"1 .
c on f i gu r a t i on a l  t rans i t ion 
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  While  we have s i n g l e d  ou t  t h e  C-I  c o o r d i n a t e  f o r  s p e c i a l
c o n s i d e r a t i o n ,  we have not  been s p e c i f i c  abou t  t h e  r o l e  p layed  by 
t h e  a c t u a l  m any-d im ens io na l  p o t e n t i a l  s u r f a c e .  We have t r e a t e d  t h e  
a l k y l  r a d i c a l  as devo id  of  i n t e r n a l  s t r u c t u r e  s i n c e  t h e  p e r t i n e n t  
normal  modes do not  d i s s o c i a t e  wi th  s i g n i f i c a n t  p r o b a b i 1 i t y 1 0 » 1 1  
t o  y i e l d  f r a g m e n t s  such as CH2  + HI o r  HCI + H2 . Al l  t h e  
r e m a in i n g  normal modes of  t h e  a l k y l  h a l i d e s  may be p r o j e c t e d  on to  a 
g e n e r a l i z e d  motion  a long  t h e  C-I  c o o r d i n a t e  and t h e s e  motions  
c o n s i t u t e  a q u a s i c o n t in u u m  of  v i b r o n i c  l e v e l s  b u i l t  on t h e  c w  * 
e l e c t r o n i c  t r a n s i t i o n .  The c o u p l i n g  o f  ryd b e rg  t o  non rydberg  modes 
i n v o l v e s  m u l t i e l e c t r o n  r e a r r a n g e m e n t s  w i th  s u b s e q u e n t  changes in  
n u c l e a r  geomet ry w h ich ,  i n  t h e  l a ngua ge  of  6 QDT, means p a s sa g e  of  
t h e  sys tem  ou t  of t h e  r e a c t i o n  zone a lo n g  t h e  C - I  c o o r d i n a t e .
In l a r g e - m o l e c u l e  p h o t o p h y s i c s ,  such a p a s s a g e  i s  r e f e r r e d  t o  as a 
r a d i a t i o n l e s s  t r a n s i t i o n  ( o r  e l e c t r o n i c  r e l a x a t i o n . )  The 
i m p l i c a t i o n  of  t h e  above comment i s  t h a t  t h e  i m p o r t a n t  dynamics 
i n v o l v e  t h e  C - I  bond w h i c h ,  w h i l e  i t  i s  d i a t o m i c - l i k e ,  p r e c l u d e s  an 
e x a c t  d e s c r i p t i o n  be c ause  t h e  v i b r o n i c  m an i fo ld  p o s s e s s e s  a l a r g e  
number of  u n r e s o l v e d  s t a t e s  compared t o  an a c t u a l  d i a t o m i c  ( i . e . ,  an 
a l k y l  h a l i d e  i s  s i m u l t a n e o u s l y  both a " l a r g e "  m o le c u le  and a " sm a l l "  
o n e ) .
The d i s s o c i a t i o n  l i m i t  f o r  t h e  v a l e n c e  s t a t e  of  CH3 I i s  
g iv e n  by
D(V) = IP(CH3 *) -  EA(I)  + D0 (CH3 I )  (4)
where
IP(CH3 -) = i o n i z a t i o n  p o t e n t i a l  o f  t h e  methyl
r a d i c a l ;
EA (I ) = e l e c t r o n  a f f i n i t y  of  t h e  i o d i n e  atom;
and ,  D0 (CH3 l )  = d i s s o c i a t i o n  l i m i t  of  methyl i o d i d e
t o  t h e  ground s t a t e  methyl  r a d i c a l  and t h e  
i o d i n e  atom.
This  e s t i m a t e  p l a c e s  t h e  d i s s o c i a t i o n  t h r e s h o l d  a t  about  
7 4 1 0 0 c n H ,  wel l  w i t h i n  t h e  r e g i o n  r e f e r r e d  t o  as  " s t r o n g l y  
p e r t u r b e d . "  (See  F i g u r e s  3 and 4 . )  P h o t o a b s o r p t i o n  s p e c t r a  of  t h e  
a lk y l  h a l i d e s ,  in  c o n t r a s t  t o  t h e  hydrogen h a l i d e s ,  do not  e x h i b i t  
r e s o l v e d  v i b r a t i o n a l  p r o g r e s s i o n s  t h a t  can be a s s o c i a t e d  w i th  t h e  V 
s t a t e .  P r e su m a b ly ,  t h e  o s c i l l a t o r  s t r e n g t h  d e n s i t y  of t h e s e  
p r o g r e s s i o n s  w h ich ,  in  t h e  d i a t o m i c  i s  n e c e s s a r i l y  l o c a l i z e d  i n t o  a 
s i n g l e  mode, i s  c a p a b l e  o f  b e in g  d i s t r i b u t e d  among s i x  normal modes 
in  t h e  methyl h a l i d e s .  Thus a t  t h e  e n e r g i e s  of  i n t e r e s t ,  t h e  
d e n s i t y  of  t h e  h i g h l y  e x c i t e d  v i b r a t i o n a l  l e v e l s  o f  t h e  V s t a t e  in 
t h e  p o l y a t o m i c  i s  q u i t e  l a r g e  be c ause  i t s  d i s s o c i a t i o n  l i m i t  D(V) i s  
much l e s s  i o n i c  than  t h a t  of  t h e  d i a t o m i c .
Now, l a c k i n g  d i r e c t  e v id e n c e  in  t h e  form o f  p h o t o d i s s o c i a t i o n -  
p h o t o f r a g m e n t a t i o n  d a t a ,  no d e f i n i t e  c o n c l u s i o n s  can be r eached  on 
t h e  a c t u a l  p a s s a g e  of  t h e  m o le c u le  a lo n g  a t r a j e c t o r y  in  t h e  R-X 
c o o r d i n a t e .  I t  i s ,  m o re o v e r ,  l i k e l y  t h a t  t h e  a c t u a l  d e t a i l s  can
neve r  be e x t r a c t e d  s im ply  b e c au s e  t h e  d e n s i t y  of  s t a t e s  has 
a pp roa c he d  t h e  l i m i t i n g  c o n d i t i o n s  of  a v i b r a t i o n a l  q u a s ic o n t in u u m  
a t  e n e r g i e s  below t h e  d i s s o c i a t i o n  l i m i t ,  D(V),  in  t h e  a l k y l  
h a l i d e s .  We r e i t e r a t e  t h a t  t h i s  i s  no t  so in  t h e  hydrogen h a l i d e s  
b e c au s e  D(V) f o r  t h e s e  m o le c u le s  i s  much h i g h e r  i n  e n e r g y .  Because 
t h e  r e g io n  of  s t r o n g  p e r t u r b a t i o n  a p p e a r s  t o  be l o c a l i z e d  in  an 
e ne rgy  i n t e r v a l  of  rough ly  2000 c n H  f o r  CH3 I ,  i t  seems 
u n l i k e l y  t h a t  any p u r e l y  r e p u l s i v e  s t a t e s  a r e  i n v o lv e d  s i n c e  
t h e  i n t e r a c t i o n s  s h o u ld  not  be l o c a l i z e d  t o  t h e  e x t e n t  o b se rve d  in  
t h i s  m o l e c u l e .  T h e r e f o r e ,  t h e  c a l c u l a t i o n  of  bandshapes  in t h i s  
r e g i o n  can be c a r r i e d  ou t  by t h e  MQDT g e n e r a l i z a t i o n  of  F a n o ' s  
t h e o r y  of  a u t o i o n i z a t i o n  in  a t o m s ^  by d i r e c t l y  i n t e r p r e t i n g  t h e  
phenomena t h a t  occu r  in  t h i s  r e g i o n  as a t t r i b u t a b l e  t o  d i s c r e t e  
s t a t e s  i n t e r a c t i n g  w i t h  a q u a s i  con t inuum  of v i b r a t i o n a l  l e v e l s  of 
t h e  V s t a t e .
S p e c i f i c a l l y ,  t h e  o s c i l l a t o r  s t r e n g t h  d e n s i t y  can be c a l c u l a t e d  
by
df/DE -  N | y y \ a ( x ) | 2  (5)
w here ,  as b e f o r e ,
¥  = £ Aor a a
and where Da  i s  t h e  d i p o l e  moment of  t h e  t h  e ig e n c h a n n e l  and N i s  a 
con t inuum n o r m a l i z a t i o n  i n t e g r a l .  The r y d b e r g - v a l e n c e  c o u p l i n g  
p a r a m e t e r s  a r e  m a n i f e s t  in  t h e  c o e f f i c i e n t s  Aa  where a now i n c l u d e s  
t h e  V channel  as wel l  as t h e  r y d b e r g s .  Note t h a t  in  t h i s  c a s e ,  t h e
V channel  i s  open and has a c o n t i n u o u s  e i g e n p h a s e - s h i f t ,  t . F i t t i n g  
t h e  c a l c u l a t e d  bandshapes  t o  t h e  e x p e r i m e n t a l  spe c t rum  w ou ld ,  in  
p r a c t i c e ,  commence by g i v i n g  n o n - z e r o  v a lu e s  t o  t h e  c h a n n e l - c o u p l i n g  
e l e m e n t s  f o r  j e = 1 / 2  c h a n n e l s  o n l y .  I t  has been i m p l i c i t  in  
a l l  t h a t  we have d i s c u s s e d  t h u s  f a r  t h a t  r i g o r o u s  s o l u t i o n s  a r e  not  
known t o  e x i s t  f o r  g e n e ra l  prob lems in  t h e  s p e c t r o s c o p y  of  h i g h l y  
e x c i t e d  e l e c t r o n i c  s t a t e s  o f  p o ly a to m ic  m o l e c u l e s .  A su rve y  t h a t  
i n c l u d e s  s e v e r a l  members of  t h e  s im p le  h a l i d e s  and i n v o l v e s  t h e  
d e t a i l e d  e x t r a c t i o n  of  MQDT p a r a m e t e r s  as wel l  as an a n a l y s i s  of 
t r e n d s  which might  be e x p e c t e d  upon h a l i d e  or  a l k y l  s u b s t i t u t i o n  
w i l l  be t h e  f i n a l  a r b i t e r  o f  t h e s e  m ethods .  In a d d i t i o n ,  i t  must  be 
s t r e s s e d  t h a t  e v e ry  d im ens io n  o f  t h e  problem has not  been c o n s i d e r e d  
h e r e .  I n d e e d ,  o n ly  t h o s e  t h a t  have a ppe a re d  t o  d om ina te  v a r i o u s  
p o i n t s  of  t h e  a n a l y s i s  of  t h e  p r e s e n t  d a t a  have been d i s c u s s e d .  We 
w i l l  l e a v e  f u r t h e r  d i s c u s s i o n  of  t h e s e  r e l a t e d  t o p i c s  t o  t h e  f i n a l  
c h a p t e r  where f u t u r e  avenues  of  r e s e a r c h  on t h i s  prob lem a r e  t a k e n
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CHAPTER THREE
PAST, PRESENT AND FUTURE.
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I .  PERSPECTIVE.
The p r e s e n t  i n v e s t i g a t i o n  has made c o n t a c t  w i th  many a r e a s  of  
a c t i v e  r e s e a r c h  both in a tom ic  and m o l e c u l a r  p h o t o p h y s i c s  and in  
m o l e c u l a r  dynam ics .  By e x p l o r i n g  some problems of  m o le c u la r  
s p e c t r o s c o p y  from t h e  channel  v i e w p o i n t ,  t h e r e  a p p e a r s  t o  e x i s t  a 
c o n s i d e r a b l e  o p p o r t u n i t y  f o r  much new i n s i g h t  i n t o  t h e  e l e c t r o n i c  
s t a t e s  o f  p o l y a t o m i c  m o l e c u l e s .  I t  must be a d m i t t e d ,  however ,  t h a t  
t h e  work d e s c r i b e d  in  t h e  p r e c e d i n g  c h a p t e r s  s u f f e r s  from two ty p e s  
o f  s h o r t c o m i n g s ,  t h o s e  a r i s i n g  from prob lem  c o n c e p t i o n  and t h o s e  
from i t s  e x e c u t i o n .  The l a t t e r ,  f o r t u n a t e l y ,  can be enumera ted  and 
r e m e d ie d .  Th i s  w i l l  be done in  t h e  f o l l o w i n g  s e c t i o n .  The f o rm e r ,  
on t h e  o t h e r  hand ,  a r e  not  so r e a d i l y  encompassed and we w i l l  
a t t e m p t  d i s c o u r s e  on them in  our  summary.
F i r s t ,  i t  i s  c l e a r l y  i n f e r r e d  t h a t  t h e  m o le c u la r  o r b i t a l  
r e p r e s e n t a t i o n ,  w h i l e  a d e q u a t e l y  d e s c r i p t i v e  of  some f e a t u r e s  of  t h e  
ground and l o w - l y i n g  e l e c t r o n i c  s t a t e s  ( e . g . ,  i t s  c o n n e c t i o n  vi a  
Koopmanns'  th e o r e m  t o  p h o t o e l e c t r o n  d a t a ) ,  i s  not  p a r t i c u l a r l y  
s u i t e d  f o r  h a n d l i n g  h i g h l y  e x c i t e d  s t a t e s ,  p a r t i c u l a r l y  t h o s e  n ea r  
i o n i z a t i o n  o r  d i s s o c i a t i o n  t h r e s h o l d s .  For r y d b e r g  s e r i e s ,  we have 
i n t r o d u c e d  t h e  co n c ep t  of  a ryd b e rg  m u l t i p l e t  ( s e e  Appendix I I )  
based  on a ( j e , ) c o u p l i n g  scheme t h a t  q u i t e  o b v i o u s l y  fo c u s e s  
on a s i n g l e  e l e c t r o n  and a m o l e c u l a r  c o r e .  For  t h e  s im p le  h a l i d e s ,  
t h e  l i n e a r  c o r r e l a t i o n  approach  s u g g e s t s  t h a t  t h i s  i s  a good 
a p p r o x i m a t i o n .  In a cco rd  w i th  t h i s ,  we have found t h a t  d e v i a t i o n s  
in  r e s u l t s  o b t a i n e d  by such an a p p ro x i m a t io n  can be used t o  uncover
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p o s s i b l e  r y d b e r g - v a l e n c e  i n t e r a c t i o n s  in CH3 I .  However, t h e  
l o w e s t  e l e c t r o n i c  s t a t e s  o f  t h i s  m o lecu le  have not  been p r o p e r l y  
c h a r a c t e r i z e d  and a t r a n s f o r m a t i o n  which a d e q u a t e l y  e x p r e s s e s  t h e  
r e l a t i o n s h i p  between t h e  a l t e r n a t i v e  c o u p l i n g  schemes has y e t  t o  be 
o b t a i n e d .  Thus ,  a t r u l y  g l o b a l  r e p r e s e n t a t i o n  of  m o le c u la r  
e l e c t r o n i c  s t a t e s  i s  not  y e t  a t  hand .
R e c e n t l y ,  G i n t e r  and coworkers*  have e x te n d e d  t h e i r  
r o t a t i o n a l  a n a l y s e s  of  t h e  hydrogen h a l i d e s  t o  h i g h e r  ene rgy s t a t e s .  
T h e i r  r e s u l t s  w i l l  u n d o u b ted ly  be i m p o r t a n t  t o  any e f f o r t s  to  
e x t r a p o l a t e  t h e  rydberg  s e r i e s  o f  t h e  a l k y l  d e r i v a t i v e s  t o  lower 
e n e r g i e s .  T h i s ,  o f  c o u r s e ,  i s  not  a new i d e a ,  bu t  t h e  g r a p h i c a l  
method o f  MQDT c l e a r l y  p r o v i d e s  c o n s t r a i n t s  t h a t  were u n a v a i l a b l e  in  
p r e v i o u s  a n a l y s e s .
Second ,  t h e  e x i s t i n g  a p p ro a c h e s  t o  t h e  e l e c t r o n i c  s t r u c t u r e  of 
p o l y a t o m i c  m o le c u le s  a r e  b e s t  viewed as c o n f i n e d  e l e c t r o n  gas models 
and t h e  o r b i t a l  a pp roach  as no more t h a n  an a r t i f a c t  of  a tomic  and 
d i a t o m i c  m e t h o d o l o g i e s :  r y d b e r g  s e r i e s  a r e  " l o s t "  as t h e  a tomic
o r b i t a l s  of  an i s o l a t e d  atom mix i n c r e a s i n g l y  w i th  t h o s e  of  
s u r r o u n d i n g  a tom s ,  c o v a l e n t l y ,  o r  o t h e r w i s e ,  as t h e  number of  t h e s e  
atoms i n c r e a s e s .  The s im p le  h a l i d e s ,  a c c o r d i n g l y ,  must  be p e r c e iv e d  
as  t h e  most a t o m i c - l i k e  o f  m o l e c u l e s ,  ones in  which an e x t e r n a l  
p e r t u r b a t i o n  of  C symmetry has a l a r g e  a f f e c t  on t h e  v a le n c e  pa  
s u b s h e l l  bu t  l e a v e s  t h e  ptt s u b s h e l l  r e l a t i v e l y  u n d i s t o r t e d .  The 
q u e s t i o n  of  w h e th e r  o r  not  d e f i n i t e  t r e n d s  c o n d i t i o n  t h e  change from 
one p o i n t  group t o  a n o t h e r  r emains  open .  M ul t i ch rom ophore  s y s te m s ,
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in which t h e  o r b i t a l s  a s s o c i a t e d  w i th  t h e  i n d i v i d u a l  c h ro m o p h o r e s , 
may e x h i b i t  c o n s i d e r a b l e  i n t e r a c t i o n ,  a r e  a l s o  p o o r l y  u n d e r s t o o d .
The d e f i n i t e  l i n k  e s t a b l i s h e d  between p h o t o a b s o r p t i o n  and 
p h o t o i o n i z a t i o n  d a t a  by t h e  MQDT p a r a m e t e r s  s u g g e s t s  t h a t  an 
u n d e r s t a n d i n g  of  t h e s e  q u e s t i o n s  i s  much c l o s e r  t h a n  might  be 
e x p e c t e d .
T h i r d ,  t h i s  work s h a r e s  many co n c e rn s  w i th  s e v e r a l  a r e a s  of 
m o l e c u l a r  dynamics and m o l e c u l a r  energy  t r a n s f e r .  The rev iew 
a r t i c l e  of  Lev ine  and J o r t n e r , ^  f o r  exam ple ,  a d d r e s s e s  t h e  
problems of  u n r a v e l i n g  m o l e c u l a r  p r o c e s s e s  which do not  admit  a 
c om ple te  r e s o l u t i o n  of  t h e  d e t a i l s  o f  i n d i v i d u a l  s t a t e - s t a t e  
i n t e r a c t i o n s .
P h o t o a b s o r p t i o n  s p e c t r a  of  t h e  a l k y l  h a l i d e s  e x h i b i t  r e l a t i v e l y  
s h a r p ,  s t r o n g l y  a l lowed  r y d b e r g  s t a t e s  t h a t  a r e  c l e a r l y  c oup le d  to  
t h e  v i b r a t i o n a l l y  a c t i v e  v a l e n c e  m a n i f o l d .  The decay  i n t o  cont inuum 
s t a t e s  a s s o c i a t e d  w i t h  t h i s  m a n i f o ld  s h ou ld  be f o l l o w e d ,  now t h a t  
t h i s  r eg io n  has been i d e n t i f i e d  and t h e  r y d b e r g s  a s s i g n e d .  
P h o t o d i s s o c i a t i o n  e x p e r i m e n t s  in t h e  p e r t u r b e d  r e g i o n s  of  CH3 I 
and o t h e r  s im p le  h a l i d e s  seem l i k e l y  t o  p r o v id e  o p p o r t u n i t i e s  f o r  
t e s t i n g  t h e s e  i d e a s .  In t h i s  c o n t e x t ,  t h e  s im p le  h a l i d e s  a r e  
t h o u g h t  of  as " l a r g e "  m o l e c u l e s .
F o u r t h ,  t h e  t h e o r e t i c a l  and c o m p u t a t i o n a l  e f f o r t s  of  Jungen  and 
G u i s t i 3 s h o u ld  p r o v id e  a good f o u n d a t i o n  f o r  much f u t u r e  work on 
t h e  r y d b e r g - v a l e n c e  mixing p rob lem .  Here ,  t h e  " s m a l l "  m o le c u le  
a s p e c t s  of  t h i s  problem a r e  e m pha s ize d .
F i n a l l y ,  t h e  s im p le  i n t e r p r e t a t i o n  of  t h e  e l e c t r o n i c  s t a t e s  of  
CH3 I p o s i t e d  h e r e ,  when a nd ,  i f ,  f u l l y  s u b s t a n t i a t e d  by f u r t h e r  
e f f o r t s ,  w i l l  y i e l d  s i g n i f i c a n t  i n s i g h t  i n t o  t h e  s t r u c t u r e  and 
s p e c t r a  o f  p o l y a t o m i c  m o l e c u l e s .
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I I .  PROSPECTS FOR FUTURE RESEARCH
In o r d e r  t o  e x te n d  t h e  methods and v i e w p o in t s  t h a t  have been 
d e v e lo p e d  in  t h e  p r e v i o u s  c h a p t e r s  t o  t h e  c l a s s  of m o le c u le s  we have 
c a l l e d  t h e  " s im p le  h a l i d e s "  and so d e m o n s t r a t e  t h e  a p p r o p r i a t e n e s s  
o f  t h e s e  t e c h n i q u e s  f o r  p o l y a t o m i c s ,  f u r t h e r  work on f o u r  a s p e c t s  of  
t h e  prob lem i s  r e q u i r e d .  The most i m p o r t a n t  i s  c e r t a i n l y  
e x p e r i m e n t a l .  In p a r t i c u l a r ,  t h e  high  r e s o l u t i o n  p h o t o a b s o r p t i o n  
s p e c t r a  of  s e v e r a l  r e p r e s e n t a t i v e  m o le c u le s  a r e  needed in  o r d e r  t o  
g e n e r a t e  Lu-Fano p l o t s ,  e x t r a c t  c o u p l i n g  p a r a m e t e r s  and g e n e r a t e  a 
more c o m p le te  u n d e r s t a n d i n g  o f  t h e  s y s t e m a t i c s  of  channel  c o u p l i n g  
in  p o l y a t o m i c s .  I t  i s  c l e a r  t h a t  t h e  major  i n t e r a c t i o n s  c a nno t  be 
s o r t e d  ou t  u n l e s s  t h e  ryd b e rg  s e r i e s  a r e  r e s o l v e d  up t o  n v a lu e s  
high  enough so t h a t  rydberg  m ul t i  pi e t s  a r e  e a s i l y  d i s c e r n e d .  In 
t h i s  r e g a r d ,  t h e  s y n c h r o t r o n  i s  c u r r e n t l y  t h e  b e s t  l i g h t  so u rc e  
a v a i l a b l e .  I t  i s  a n t i c i p a t e d  t h a t  such s y n c h r o t r o n  s p e c t r a  w i l l  be 
o b t a i n e d  s h o r t l y .  P h o t o d i s s o c i a t i o n / p h o t o f r a g m e n t a t i o n  e x p e r im e n t s  
have been pe r fo rm ed  u s in g  l a s e r  e x c i t a t i o n s  t o  p robe  t h e  low-energy  
r e p u l s i v e  s t a t e s  of  RX m o le c u le s  and t h e  ground and f i r s t  e x c i t e d  
s t a t e  of  RX+ i o n s .  U n f o r t u n a t e l y ,  t h e  r e g i o n  d i s c u s s e d  h e re  
r e q u i r e s  a t u n a b l e  VUV l a s e r ,  namely a t e c h n o l o g y  s t i l l  in  t h e  
p r o c e s s  of  becoming .  I n f o r m a t i o n  on e x c i t e d  s t a t e  l i f e t i m e s  and 
f r a g m e n t  i d e n t i f i c a t i o n s  i s  f u l l y  i n t e g r a b l e  by GQDT a p p r o a c h e s  in  a 
manner c o i n c i d e n t  w i th  t h e  u n i f i e d  a pproach  t o  p h o t o a b s o r p t i o n  and 
p h o t o i o n i z a t i o n  d a t a  p r o v id e d  by a tom ic  MQDT.
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C om pu ta t iona l  e f f o r t s  w i l l  remain  c e n t e r e d  on e x t r a c t i o n  of  
p a r a m e t e r s ,  ua  and U^a , as d e f i n e d  a bove ,  by a t r i a l  and e r r o r  
f i t t i n g  o f  Lu-Fano p l o t s  of  t h e  d a t a  a v a i l a b l e  i n  t h e  q u a s i - d i s c r e t e  
r e g i o n .  A d d i t i o n a l  e f f o r t s  w i l l  be r e q u i r e d  in  o r d e r  to  e n s u r e  
c o n s i s t e n c y  of  t h e  above p a r a m e t e r s  and t o  d e t e r m i n e  t h e  d i p o l e  
m a t r i x  e l e m e n t s  Da  f o r  t h e  r y d b e r g  c h a n n e l s  based  on a f i t t i n g  of  
t h e  p h o t o i o n i z a t i o n  s p e c t r a  of  a l l  r e l a t e d  m o l e c u l e s .  For example,  
i t  i s  e x p e c t e d ,  p r o v id e d  a good s e t  of  v a lu e s  a r e  a v a i l a b l e  f o r  t h e  
p a r a m e t e r  s e t  of CH3 I ,  t h a t  i t  w i l l  be r e l a t i v e l y  easy  t o  o b t a i n  
a p p r o x i m a t e  p a r a m e t e r  v a lu e s  f o r  a l l  o t h e r  s im p le  h a l i d e s  by a 
s t r a i g h t f o r w a r d  f i t t i n g  of  t h e  p r e i o n i z a t i o n  band s h a p e s ,  and then  
t o  use  t h e s e  v a lu e s  f o r  t h e  q u a s i - d i s c r e t e  r e g i o n .  S p i n - o r b i t  
c o u p l i n g ,  o f  c o u r s e ,  w i l l  s i m p l i f y  t h e  f i t t i n g  p r o c e d u r e  f o r  
d i s c r e t e  l e v e l s  b e c au s e  m u l t i p l e t s  t o  a l t e r n a t e  c o re  s t a t e s  w i l l  be 
b e t t e r  s e p a r a t e d .
The r y d b e r g - v a l e n c e  problem i s  amenable  t o  a s i m i l a r  t r e a t m e n t  
by i n c l u d i n g  t h e  d i s s o c i a t i v e  q u a s i  con t inuum as  an open c h a n n e l .
Thus a s y n t h e t i c  sp e c t ru m  f o r  a p r e d i s s o c i a t i v e  e v e n t  can be 
g e n e r a t e d  as r e a d i l y  as  one as f o r  a p r e i o n i z a t i o n  e v e n t .  Th is  
would c l e a r l y  e n sue  l a t e r ,  a f t e r  t h e  i n i t i a l  e s t i m a t e s  of  t h e  
ya  , U-ja  and Da  f o r  t h e  r y d b e r g  c h a n n e l s  had been s e p a r a t e l y  
o b t a i n e d  in  a f i r s t  a p p r o x i m a t i o n .
C o n s i d e r a b l e  deve lopm ent  of  t h e  m e th odo log ic  a r e a ,  p a r t i c u l a r l y  
i n  our  a b i l i t y  t o  c o n c e i v e  o f  r e l e v a n t  f rame t r a n s f o r m a t i o n s  i s  
needed  so t h a t  low e ne rgy  s t a t e s  and t h e i r  v i b r a t i o n a l  a n a l y s e s  can
be i n c o r p o r a t e d  i n t o  t h e  schema we have a l r e a d y  s e t  f o r t h .  P r o g r e s s  
in  t h i s  a r e a  e v i d e n t l y  i n v o l v e s  r e c i p r o c i t y  between c o m p u ta t io n a l  
and e x p e r i m e n t a l  e f f o r t s .
F i n a l l y ,  t h e  s i g n i f i c a n c e  o f  c o r r e l a t i o n s ,  o r  l ack  t h e r e o f ,  in 
t h e  p a r a m e t r i c  s e t s  t h a t  we e x p e c t  t o  o b t a i n  f o r  t h e  s im p le  h a l i d e s ,  
w i l l  make p o s s i b l e  g e n e r a l i z a t i o n s  t o  o t h e r  t y p e s  of m o l e c u l e s .  
F i n a l l y ,  t h e  m e a n i n g f u l n e s s  of  a l l  t h i s  t o  any g e n e r a l  u n d e r s t a n d i n g  
o f  m o l e c u l a r  p r o c e s s e s  w i l l  need t o  be d i s c u s s e d ,  d i s s e c t e d ,  and 
c r i t i c i z e d  when a l l  t h e  d a t a  f o r  t h e s e  m o le c u le s  has been examined .
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I I I .  CONCLUSION.
An i m p o r t a n t  g l im pse  i n t o  t h e  d e t a i l s  of  m o l e c u l a r  s t r u c t u r e  
has  been p r o v id e d  by a many-channel  a n a l y s i s  o f  t h e  p h o t o a b s o r p t i o n  
s p e c t r u m  o f  methyl  i o d i d e .  A s y s t e m a t i c  s u rve y  o f  t h e  s im p le  
h a l i d e s  w i l l  e s t a b l i s h  w h e th e r  or  not  t h e  i n t e r p r e t a t i o n  p r e s e n t e d  
h e r e  f o r  CH3 I i s  as g e n e r a l  as c l a i m e d .  S t e p s  toward 
a c c o m p l i s h i n g  t h i s  goal have been o u t l i n e d  e a r l i e r  i n  t h i s  c h a p t e r .  
F u r t h e r m o r e ,  i t  has been shown t h a t  quantum d e f e c t - b a s e d  methods a r e  
e x c e e d i n g l y  u s e f u l  f o r  m o l e c u l a r  problems because  t h e  s t e p w i s e  
a p p l i c a t i o n  of  channel  i n t e r a c t i o n s  can be r e c o n c i l e d  w i t h ,  and a r e  
g e n e r a l i z a t i o n s  o f  such f a m i l i a r  m o le c u la r  c o n c e p t s  as t h e  
Born-Oppenheimer Approx im a t ion  and m o l e c u l a r  o r b i t a l  t h e o r y .
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Recent  advances  in t h e  t h e o r y  o f  a tom ic  ryd b e rg  s t a t e s  have led  
t o  a r e e x a m i n a t i o n  of  t h e  modes of  d e s c r i p t i o n  of t h e  h i g h l y - e x c i t e d  
s t a t e s  of  p o ly a to m ic  m o l e c u l e s .  The c o n c e p t  of  a ryd b e rg  m u l t i p l e t  
i s  i n t r o d u c e d  by g e n e r a l i z i n g  t h e  M u l l i k e n  t h e o r y  of  m o l e c u l a r  
ryd b e rg  s t a t e s .  I t  i s  shown t h a t  t h e  ryd b e rg  m u l t i p l e t  concep t  
p r o v i d e s  a u s e f u l  t r a n s i t i o n a l  d e v ic e  from t h e  f a m i l i a r  m o le c u la r  
o r b i t a l  p i c t u r e  of  m o l e c u l a r  s p e c t r o s c o p y  to  t h e  r e c e n t  many-channel  
a p p ro a c h e s  of  S e a t o n ' s  m u l t i c h a n n e l  quantum d e f e c t  t h e o r y  (MQDT.)
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I .  INTRODUCTION
This  p a p e r  a t t e m p t s  t o  c l a r i f y  some n o t i o n s  r e g a r d i n g  r ydbe rg  
s t a t e s  i n  p o ly a to m ic  m o l e c u l e s .  These  s t a t e s  have long  been 
c h a r a c t e r i z e d  by an e l e m e n t a r y  taxonomy based  on s e r i e s  membership 
and n e a r - c o n s t a n t  quantum d e f e c t s J  In s h o r t ,  i f  t h e  rydberg  
e q u a t i  on
E = IP  -  R / ( n - y ) 2  = IP -  R / v 2
i s  s a t i s f i e d  f o r  s e v e r a l  s e q u e n t i a l ,  b u t  o t h e r w i s e  a r b i t r a r y  v a lu e s  
o f  n ,  t h e  e l e c t r o n i c  s p e c t r u m  o f  t h e  p o l y a t o m i c  m o le c u le  i s  presumed 
t o  be ( a t  l e a s t  p a r t i a l l y )  d e t e r m i n e d .
J u s t i f i c a t i o n  f o r  t h i s  approach  r e s t s  p r i m a r i l y  on t h e  
t r a n s f e r a b i l i t y  of  t h e  a v e r a g e  p r o p e r t i e s  of  rydberg  s t a t e s  from 
atoms t o  m o l e c u l e s .  Thus ,  i n  t h e  absenc e  of p e r t u r b i n g  s t a t e s ,  t h e  
a v e r a g e  p r o p e r t i e s  of  atoms such as t h e  i n t e n s i t y  of  a t r a n s i t i o n  or  
t h e  r a d i a l  p r o b a b i l i t y  d e n s i t y  maximum vary  smoo th ly  w i th  p r i n c i p a l  
quantum number.  However,  w i th  t h e  e x c e p t i o n  of  t h e  hydrogen atom and 
t h e  a l k a l i s ,  i t  i s  now well  known t h a t  atoms g e n e r a l l y  do not  
p o s s e s s  s im p le  r y d b e r g  s e r i e s .  R a t h e r ,  t h e  m u l t i c h a n n e l  quantum 
d e f e c t  t h e o r y  (MQDT) o f  S e a t o n 2 , and p a r t i c u l a r l y  t h e  
Lu-Fano 3 *4  f o r m u l a t i o n  of  i t ,  p r o v i d e s  a f ramework f o r  t h e  f u l l  
t r e a t m e n t  of  p e r t u r b e d  s e r i e s  by e x t r a p o l a t i n g  a c r o s s  t h e  i o n i z a t i o n
t h r e s h o l d  t h e  phase  s h i f t  of  s c a t t e r i n g  t h e o r y .  A c ha nne l  i s  
d e f i n e d  as a l l  bound l e v e l s  w i th  a g iven  s e t  of i n t e r n a l  quantum 
numbers and i t s  a s s o c i a t e d  con t inuum  ( e . g . ,  i o n i z a t i o n  or  
d i s s o c i a t i o n . )  In view of  t h e s e  s u b s t a n t i a l  advances  in  a to m ic  
t h e o r y ,  i t  i s  t im e l y  t o  a t t e m p t  a r e i n t e r p r e t a t i o n  of  t h e  a n a l o g i e s  
t h a t  have made m o l e c u l a r  r y d b e r g  s e r i e s  a n a l y s e s  m e a n i n g f u l .  I t  can 
a l s o  be a n t i c i p a t e d  t h a t  r y d b e rg  s e r i e s  w i l l  no l o n g e r  be phenomena 
t h a t  a r e  i s o l a t e d  from m o l e c u l a r  dynamics :  by s o l v i n g  t h e
m u l t i c h a n n e l  r y d b e rg  p ro b le m ,  r y d b e r g - v a l e n c e  i n t e r a c t i o n s  can be 
s e n s i t i v e l y  p r o b e d .  The p o s s i b i l i t y  o f  u n r a v e l i n g  t h e s e  
i n t e r a c t i o n s  has been f a c i l i t a t e d  i n  t h e  e x p e r i m e n t a l  regime by 
r a p i d  advances  i n  t h e  h i g h l y - r e s o l v e d  vacuum u l t r a v i o l e t  (VUV) 
s p e c t r o s c o p y  and h i g h l y - s e l e c t i v e  VUV p h o t o e x c i t a t i o n  s t u d i e s .
To t h i s  end ,  we c o n s i d e r  d i a t o m i c - l i k e  m o le c u le s  e x h i b i t i n g  
w e l 1 - r e s o l v e d  r y d b e rg  s e r i e s  t h a t  can be d e s c r i b e d  by a c o u p l i n g  
scheme ( j e , n )  where j e i s  t h e  a n g u l a r  momentum of  t h e  
r y d b e r g  e l e c t r o n  and n i s  t h e  p r o j e c t i o n  of  t h e  t o t a l  c o re  a n g u l a r  
momentum o n t o  t h e  p r i n c i p a l  m o l e c u l a r  a x i s .  R e g a r d l e s s  of  any o t h e r  
c o n s i d e r a t i o n ,  o n l y  when t h e  a c t u a l  c o u p l i n g  a p p ro a c h e s  t h i s  l i m i t  
can r e g u l a r  p r o g r e s s i o n s  be o b s e r v e d .  The r a p i d i t y  w i th  which t h e  
s y s te m  a c h i e v e s  pu re  c o u p l i n g  as a f u n c t i o n  of  t h e  p r i n c i p a l  quantum 
number,  n ,  i s  c l e a r l y  dom in a ted  by t h e  m agni tude  of  s p i n - o r b i t  
c o u p l i n g  in  t h e  ground s t a t e  of  t h e  m o l e c u l e ,  ( i . e . ,  by t h e  e x t e n t  
o f  i n i t i a l  d e c o u p l i n g ) .
M u l l i k e n ,  in  a wel l -known s e r i e s  of  p a p e r s  on m o l e c u l a r  ryd b e rg  
s t a t e s ® ,  d i s c u s s e d  a tomic and m o l e c u l a r  ryd b e rg  and co re  
o r b i t a l s ,  in  t erms  o f  S l a t e r  f u n c t i o n s .  We have som e th ing  d i f f e r e n t  
i n  mind,  however .  We wish t o  e x t e n d  t h e  argument  t o  an e n t i r e  s e t  of 
r y d b e r g  f u n c t i o n s  a t  once .  For  a g iven  Q, , t h e r e  w i l l  o c c u r  a 
m u l t i p l e t  of  t e rm s  ( S - e ^ e ^ l  » J e  ^  ) Pe r  un’ t  
e f f e c t i v e  quantum number v, w hic h ,  b a r r i n g  t h e  p r e s e n c e  of 
i n t e r l o p e r s ,  i s  g e n e r a t e d  by t h e  a d d i t i o n  of  a s i n g l e  r a d i a l  node t o  
a l l  components  of t h e  e i g e n s e t  of  h y d r o g e n i c  w a v e f u n c t i o n s . 
O r t h o g o n a l i t y  can be a c h i e v e d  in  t h e  above manner on ly  when t h e  
o v e r l a p  o f  t h e  e l e c t r o n  and m o l e c u l a r  ion c o re  i s  small  enough so 
t h a t  n o n c e n t r a l  f o r c e s  a r e  s u b o r d i n a t e  t o  t h e  coulomb i n t e r a c t i o n s .  
In t h i s  c a s e ,  t h e  t e rm  m u l t i p l e t  o r ,  b e t t e r ,  r y d b e r g  m u l t i p l e t  i s  
g iv en  by [(n-j, £e , j e ; n )  v-j = n-j-y,m<v-j<m +
1 ]  w i t h  m any l a r g e  i n t e g e r ,  so t h a t ,  e x c e p t  f o r  a smooth d e c r e a s e  
in  o s c i l l a t o r  s t r e n g t h  w i th  i n c r e a s i n g  n-j ,  a c h a r a c t e r i s t i c  
s t r u c t u r e  w i l l  be r e p r o d u c e d  in  t h e  p h o t o a b s o r p t i o n  s p e c t r u m  ov e r  
each  u n i t  v.
I t  i s  c l e a r  t h a t  t h e  m agn i tu de  o f  t h e  quantum d e f e c t  d e t e r m i n e s  t h e  
p r i n c i p a l  quantum number of  each component  o f  t h e i r  m u l t i p l e t .  The 
quantum d e f e c t  y i s  a f u n c t i o n  o f  £ , o f  t h e  e f f e c t s  of  r e a l  and 
a c t u a l  p r e c u r s o r s ® ,  and of  t h e  e x t e n t  t o  which channel  mix ing 
o c c u r s  w i t h i n  t h e  c o r e .
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The main p o i n t  he re  i s  t h a t  r e g u l a r  s e r i e s  p r o g r e s s i o n s  depend ,  
as  s t a t e d  a b o v e ,  on t h e  p e r t i n e n t  l i m i t  and on t h e  p r e v i o u s  
a p p e a r a n c e  o f  a l l  p r e c u r s o r s  b e l o n g i n g  t o  a g iven  m u l t i p l e t .
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I I .  ILLUSTRATION OF THE RYDBERG MULTIPLET CONCEPT
I t  i s  a w e l l - e s t a b l i s h e d  r e s u l t  t h a t  t h e  p h o t o a b s o r p t i o n  
s pe c t rum  o f  methyl  i o d i d e  i s  l a r g e l y  composed o f  ryd b e rg  s e r i e s  
c o n v e rg i n g  t o  t h e  a l t e r n a t e  components of t h e  ground e l e c t r o n i c  
s t a t e  X ( 2 E,ii =§,  \ )  o f  t h e  m o le c u la r  ion c o r e . ^ » 8  In high 
r e s o l u t i o n  a t o t a l  of  seven s e r i e s ,  1 0  c o r r e s p o n d i n g  
a p p r o x i m a t e l y  t o  &e = s , p , d  and f ,  can be c l e a r l y  t r a c e d  t o  h igh n 
(up t o  n = 30) f o r  each ft l i m i t  where t h e  co re  s p l i t t i n g  i s  rough ly  
5050cm"1 . MQDT r e s u l t s  s u g g e s t  t h e  i d e n t i f i c a t i o n s  l i s t e d  in  
F i g u r e  1, m e a n i n g le s s  in  a m u l t i c h a n n e l  scheme,  bu t  u s e f u l  o u t s i d e  
t h e  c o n t e x t  n e v e r t h e l e s s .
The two components  of  t h e  m u l t i p l e t  be a r  a s u r p r i s i n g  mutual 
r e s e m b la n c e  f o r  ve ry  d i f f e r e n t  r e a s o n s .  A c t u a l l y ,  t h e  low ene rgy  
component (ft = f ,  E rv72200cm“ 1 ) i s  r a t h e r  s t r o n g l y  
p r e d i s s o c i a t e d  w h i l e  t h e  h igh  energy  one (ft = j , E  ^77200cm“ 1 ) i s  
m ain ly  p r e i o n i z e d .  C o n f i g u r a t i o n a l  i n t e r a c t i o n s  a r e  shown in  F i g u r e
2 .  The co n c ep t  of t h e  r y d b e rg  m u l t i p l e t  has been e x t r e m e l y  u s e f u l  
f o r  s o r t i n g  out  i n t e r a c t i o n s  e s p e c i a l l y  i n  t h e  r e g i o n  i n d i c a t e d  in  
F i g u r e  1 by t h e  dashed l i n e .  Here ,  members of  s e r i e s  c o n v e rg i n g  on 
t h e  ^E- | / 2  c o r e  s t a t e  (where  nex t  h i g h e r  l e v e l s  a r e  t h o s e  
c o m p r i s i n g  t h e  m u l t i p l e t  a t  77200cm"1 ) a r e  i n t e r s p e r s e d  among 
t h e  l e v e l s  o f  t h r e e  s u c c e s s i v e  m u l t i p l e t s  con v e rg in g  t o  t h e  
2 E3 / 2  U m i t .  We say t h a t  r a p i d  v a r i a t i o n s  of  t h e  quantum 
d e f e c t s  a r e  t h e r e f o r e  n e c e s s a r y  t o  accomodate  t h e s e  i n t e r l o p e r s  i n t o  
an o r th o g o n a l  m a n i f o l d .  The MQDT g r a p h i c a l  p r o c e d u r e  maps t h e s e
v a r i a t i o n s  e x p l i c i t l y  as wel l  as t h e  r e t u r n  t o  s im p le  n o d e -a d d in g  
r e g u l a r i t y  a t  s l i g h t l y  h i g h e r  energy  ( >75500 cm- 1 . )  We n o t e  i n  
p a s s i n g  t h a t  t h e  s e v e r e l y  p e r t u r b e d  m u l t i p l e t  j u s t  below 
74000cm-1 c l e a r l y  em erges 1 0  as  a r y d b e r g - v a l e n c e  t y p e  
i n t e r a c t i o n  ( s e e  F i g u r e  2 . )
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I I I .  DISCUSSION
The r y d b e rg  m u l t i p l e t  can be a u s e f u l  d e v i c e  i n  t h e  
i n t e r p r e t a t i o n  of  e l e c t r o n i c  s p e c t r a  o f  p o ly a to m ic  m o l e c u l e s .  Th is  
i s  p a r t i c u l a r l y  t r u e  when t h e r e  e x i s t s  l i t t l e  o r  no p r i o r  
i n f o r m a t i o n  ab o u t  any r i g o r o u s  symmetry c o n s t r a i n t s  and ,  he nc e ,  
abou t  r i g o r o u s  c o u p l i n g  r u l e s .  As a c o n c e p t ,  i t  i s  r e l e v a n t  i n s o f a r  
as  i t  s u c c e e d s  in  b r i d g i n g  t h e  gap between M u l l i k e n ' s  t r e a t m e n t  of 
r y d b e rg  and c o re  o r b i t a l s ,  t h e  many channel  a p p ro a c h e s  of  MQDT, and 
t h e  e m p i r i c a l  methods by which s p e c t r o s c o p i s t s  have c a t a l o g u e d  
e x c i t e d  s t a t e s  i n  t h e  p a s t .  B e c a u s e ,  in  t h e  a bsenc e  of  p e r t u r b e r s ,  
t h e s e  m u l t i p l e t s  a r e  t h e  r e s u l t  of  r e g u l a r ,  a t o m i c - l i k e  b e h a v i o r ,  
t h e  r y d b e r g - r y d b e r g  and r y d b e r g - v a l e n c e  i n t e r a c t i o n s  can o f t e n  be 
u n t a n g l e d .  I t  may be e x p e c t e d  t h a t  t h e  s tu d y  of  t h e  v a r i a t i o n s  of  
t h e s e  i n t e r a c t i o n s  w i t h i n  c l a s s e s  of  r e l a t e d  m o le c u le s  s h o u ld  
c o n t r i b u t e  s u b s t a n t i a l l y  t o  a much more d e t a i l e d  u n d e r s t a n d i n g  of  
h i g h l y  e x c i t e d  m o l e c u l a r  s t a t e s .
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FIGURE CAPTIONS:
FIG. 1 . The p h o t o a b s o r p t i o n  sp e c t ru m  o f  CD3 I i n  t h e  r e g i o n  below 
t h e  f i r s t  i o n i z a t i o n  t h r e s h o l d  I ] ,  and t h e  f i r s t  p r e i o n i z i n g  band 
s y s t e m .  These band sy s te m s  a r e  n e a r l y  i d e n t i c a l  i n  a p p e a r a n c e  and a r e  
made up of  members o f  r y d b e r g  s e r i e s  c o n v e r g i n g  on a l t e r n a t e  m o le c u la r  
ion c o re  s t a t e s ,  ft = 3 /2  and 1 / 2 .  The bands between t h e s e  m u l t i p l e t
components  a r e  t h e  nex t  lower l e v e l s  of  t h o s e  s e r i e s  whose members
c o m p r i se  t h e  p r e i o n i z i n g  band a t  E ^  77200cm” 1 . N o t a t i o n  i s  
a p p ro x i m a t e  and i s  g iven  a c c o r d i n g  t o  t h e  f o l l o w i n g  scheme:
* e  = * e  j e  (S  = V l )
* e  E * e  j e  ( “  = 3/2  >
where ^  can be s ,  p ,  d ,  o r  f .
and a p r im e ,  e . g . ,  l ' Q ,  i n d i c a t e s  s e r i e s  f o r  which ft = 1 / 2 .
FIG. 2 . Energy scheme f o r  t h e  r y d b e r g  and v a l e n c e  t r a n s i t i o n s  of  
a lk y l  h a l i d e s .  The channel  s t r u c t u r e  (RHS) and t h e  o r b i t a l  
d e s i g n a t i o n s  (LHS) r e p r e s e n t  d i f f e r e n t  a s p e c t s  of  t h e  m o l e c u l a r  
dynamics which can be probed  a t  h igh  p r e c i s i o n  once r y d b e r g - r y d b e r g  
c o u p l i n g  i s  d e t e r m i n e d  v i a  MQDT. O r b i t a l  d e s i g n a t i o n s  r e f e r  t o  t h e  
d i a t o m i c - l i k e  s t a t e s  g iven  in  R e f .  11.  Only t h o s e  i n t e r a c t i o n s  
r e l e v a n t  t o  t h e  d i s c u s s i o n  o f  F i g u r e  1 a r e  i n d i c a t e d  ( s e e  t e x t . )
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